Morphology of Mycetomes and their Role in Biological Control of Insect Pests by Hasan, Rashid
Morphology of Mycetomes And Tlieir Role In 
I Biological Control of Insect Pests 
ABSTRACT 
THESIS SUBMITTED FOR THE DEGREE 
OF 
DOCrOR OF PHILOSOPHY 
IN THE 
ALIGARH MUSLIM UNIVERSITY, 
ALIGARH 
BY 
RASHID HASAN (M-MIYAN) 
DEPARTMENT OF ZOOLOGY 
ALIGARH MUSLIM UNIVERSITY 
ALIGARH 202001 (INDIA) 
O c t o b e r , 1 9 8 3 
itert I imSM m ^ menm of 
iil1gr» AUgaani Md £pai ow of '^v iOiaMi of Ite l io i 
flV.tliM of Xty^ft *Miffflt ISPEHi tiiiiNi otoxnd leroliB BOOI 
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raHfeoy wt^M^m te ^ li «t»«y on 1 ^ ofiteoti of 
ifvpif «ittli^ti«w 004 iJMootiAiM oa ^0 
w^^ms^L ii^loirlo ^ 'MilJifftilUB ilffffiiffflft t* ooi lUlMl ia i 
gyaaHflu ^ r tetii ,!§ iBIlEi m mM. o o J m i s ^ i s oo otlMM t^ 
tQ %h9 ml9 of ^iMo i^9iil#o!» la ooolanau^ M^MM 
l^ot XI ioi lo ^^ vMMMmisim of i$£tmpm% ooaaisroia 
lisaiiiiliil&oMi ^ f i i l H f i JMyiatAMi *>^ ^^ i^ isPloliioo ^ 
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2 
we is^lifWBiiii IjFlBg INI •i ' t lMii ' i^yNi 9 f 11M iiUyMifNHP|f 
SlMgr mam iMM^ is ^loior nftitpM* %M ^H/SUS^M ^^ 
'^it aa«« af deleft* 1 ^ i^wimiHi ttsd w^fm^myima ia ^oiii 
f%• 4tJHa?dwldl9a af i^ priliijiita WMI vaacaNUNI ia 1 ^ wi^stf^ 
apMli^ita ia ttvnry mA ^ mK%m alMKlar lA^awtad tii«t 
msidga «€ a^ii^aata la I ' l i i i iUfli ia ialSi lafaaaataxiaa* aai 
i^ Laal tf^ Oa ia I'fgflffnilH' i t ia temai^^mri^ aiiljr 
a^aitii^ ita aai^ aiNaat ia ^a taa^a* 
f ^ sia i^Haiai agaa^ i^tj a£ ^«^^jit^|,^ WM ^rm i^ii^irat 
mm iMi«a3MfeaA ai^ vad^UJana* 1% mm latpdiia af graa&n^  
litawiai^ijr an Aifinmat «r%ifi«Lal. MiAia* fUt api^asl gwiw 
a i^aitiipa Xilsaiw taat mBd iaA^m ta praiaea l^i aad laM.* Oa 
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aaa irea pai^tifai granstort aaa nMXat a^mdl^ ia iiv^p3Lffir 
aB« faiiai ta iraaaea iadii.* Baaaviaf* i t pfaaaaaA E>s 
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dlif f«rwt «Rrliiii|Ri«tt^« mem iwBmi%»A>» f te 
NBA i*|filttl AiHtai^ 'wrioiii fttf^1ii«tio« I^B«« 
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wasea IBS* Iflfti iirnTmti mni aali^am wMtiU'to w^ Mfmui* iDHt <iH^(d 
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fO%llt^Ui&* f3i« »Mi-| • ! i t«t i lF« 
^wm^mstm imA 
It is 
l^ H* it 
&mm§ mmM&tlum m& $jmm^lxMm iwt im 
%o Mi f i iy ctPiiiifitili 
i4 tb *vllMi^af 
israiiill* f l ^ 
tft ^mfEti8Htt»tffl> 
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Part I 
Introduction 
liaif hmm i^talAiilied for A long ^km danaftMwnt 1886} 
asaoelatioii aajr Iw IsyiivA fts ^it>ifitl«« pwaaitie^ mtuaXiwtla 
eammtmiX or o ^ ocMit onl^ for^iitoi^dLyt fli»s« alflroorpuii9Bi 
dsttt both ttKtsroiiUy ana iattriigai;^ in &ii^ t«t^ « Exti»tii^ l2jr» 
tl]« aiax i^Qrgftfliam Mm asaoelattA » i ^ tte bodjr «BU. aad i l» 
a]^ P8iiaa@t# i«Si«e«a9 iatfraaU^, tiitlf «si»t flstBEiaeglXilUrly aa 
max m latraoaiaiaaiily* ii i i •s«ra«tljua«r id«roar@iiigUnm 
are found asjooiatad villi tbo oailawitHrsr eamiil aaft £%• oaaaat 
ani mxmtimm la liaaaoooal. (UlidiaBeOi 1924 )• I^Ura^Uidlara^rt 
Itw^ are iidiBbltaBta of api-ttiail^ llaliig of alia»a^?3r traot 
Ctt«^a9«Q(nti« ^ € ) « Mlpi^taB tHlbia»f and mUtmey gltuata 
w thigr VKf b« la 9p^lfla.iMd oaSJ.* i«e* ^B^Mtai^ rtas in 
dlfforwit tiBmrnu or ia tlia j^raatsoaaa {JSnat^mm^t 196$)* 
flMi aQpoatonta i^o praaaat ara lar^r ws^ai is msm 
iamtf^ and ia oHiara qmita IflrflPf oeom^^g a08tid«riliXa 
il^ Mia* Sliair fiaa naria i »i1ti Ito a ^ ^id teiraloviiMitaaL «ta@Mi 
or taia totfao'l m utiLl aa ^ H i Isba • •»• lb sana apaoiea tlM 
t^frntom ia a ai&^a aaiAX bodsrt in oi^bt3P9 i t ooeur^  is palzti 
or mnm in ^wupa of meiU, w^^BtOfm^* fhty aqf te h i^ ly 
ooO^ ourvd and eatiXy diatin^oiiliafeiXo ia wm liKMetit ii^llt 
in otSitr 9pMi«9 ^ 1 ^ aae« i^itSf oAmmlMBs or tranipflerMrl ana 
tli«c*«f ora oaa not •atULy ^ di9tiagi|rii»d team ^m mxrmmAim 
attttBtiOB or tarijr varterii ( H U t t910| BaiftiMrf 1912 ^ 19131 
mjmmff 19241 JtolflbaiM» 1941»t UetOi, BBtaamt 1941 and Brooks 
& EioftHOpaoy 19Sfi»)« Sbeoo otoroorgaalaaf oro n^poooa to bo 
boBoflolal to 1 ^ isMOlHiMito* flioir xrolAtiOBOliI^  woa 
r9$iaattuA m a9it»iotlo ana tine OMooiatta wAm'msesi&aimm mro 
toRBta «o 'oyi6ioto9* or 'oyiribieiito* (Jtoii^otiSi 1946| 
2Hielttter« 1999)• !9ioM liortari me^mmty^ otiidiod tho aor^io* 
Jjogy m6t liiot^ogy of mieaPwgt&mAmm m& iPtoA to ooltoro ttoa 
i n St t f t <>B dtfforoot oartifleiQl csdia* Ttmf i&oo ootobailobea 
tbo o^ lo t io notofo of ^lelr aosoelatloii In a imibor of eoo* 
noQloolly m^ortairl ^i^oeto* 
mio o^ io t io ro3Latloii9lil.9 of vikartatgfkiAmm witu 
diffaroat iii9«o1» was otit&lod ^ iparioua noriaro in tha foUov* 
log ooTdor I Xaoptara (aUvalaiilf 19^)t Aaoi^ oura (AaoAmar and 
1^ 199 1993) t BoN^tom imoimmf nu$ (»rtor» 1992| XliaDt 1976 
& 1969)t Batw'^^tara (iig^foorlto, 1996| ftroiAwr ft ftg^joortbi 
t944| Balnaot 19^ * 1996)t 0oioo9t«ra (frankOf 19^)9 
BUrtora (Bll^Lw A kHlbme, 1991| 101^ 9 1960| iNSitt 1f76 It 1982| 
<3^«9^iiiLi 19^ &9^§9>9 ayaancq^ tora (tl«gl«awniif 19991 
ftMUt 1960)* 
ivodto oaft BiflliWPas <^^€)» IftnigrwM ma& IKULcr (1990>f 
SvMfora t f aX <1960)» Iroete (190}t liMiawi {nmU ^himmi 
i 1970) aafi Vimo i 1974 A 1976)* fimm wmiBma ^alaNl ti»t 
»iBro»(j,nnliwit itolattd ttam Ito ii90«%iaartt« •»« n^wtOMs of 
Alffianfcrt imMluif 0O1KI4 iMt 9?OIBI QO 4tlfHn^ot Mrtitloial 
WKliik In flMiy ««•« ^^ iBM oripiAmB «ir« oXi—ifiai • • 
BxoolM (190) rwpnrttft ttet iBlrwrtUxOar ayitoiMts aro aapabU 
«3ff|}leiit9 in twm awm WNH^  itao to oontoaliHit&iHS of ouXtoro 
ntdia* t^alttiio ( W 9 ) oxiroflMNMl oJUillar iriiiii maA polalMA 
out l l»t «3fribloiitM oan oxiet oo froo lliiiiig ajoroorffliiilwi* 
E4 fnrtfaor otHMannd ^Kit Idbwlr 9o« t^b3« »A» of oxlvkoiioo 
Wms^tmipm r«pr«MRito «B tafoptadont solatiOBrtiip belMioii a io iv 
orgai^«ao anfi «twtr Hoo^* VmUx^ (1959) oftor «yttiig rosMitod 
•ffi&TtOf ««• •ooeoMEria. is iacklAtlag the s^lonto of ^loMluo 
Hfl^ffl^H tuA mHimim ^so on %3ioo^  a0H^ « ^^ H^ tar (1999) 
•OS loOidUr sod aaiimrto (^96) mKr* aloo (wooo—ftdl in 
eiataarlog the wAmmwgmimm fios i M M B B b W "V* t^ A^tanuil (197C 
«M «iieo««of)iI m OHiltisriii^  tiie iMot^riji of »***^^"« sp* 
In BittrioQt iKTotb a^uf iii<lla« 
4 
in Bitrckgitt GMtalNiaiUli aad ore #a9aibl« (s£ tevaliiii^ <lomi ivatM 
in Ismmot bo^ (3U1« 19I0}* 9 M alarfi^ial «ipm«nitimi of 
in 90o«Ms «to8V« Hit '^ibiAM mem iegtotmteA (Boti^t 1912)* 
I^ a^idE (1956) saroflAtd fa^ ^KrliMBlaX ovliiiiot alMmt H M prtJtoM 
of iMottrlyiL o r^iftiAiits in e r p » ^ of aaewttidii tnoliiiiiig fat 
iMMlr of Hw %|jitt&i9* MMOlr (19ia) «^9«rfaA ft difiJii% 
imaP99m in flii oeslsot^ «f isnil» in Islia fat^toigr «t tilattiAii 
oftir •Itainatioii ^ iq^imitt* mtemnwpf iSm tOfittiat* 
aiysliionti oould aim b« «ioo»9sfiai|r snltutiBS is wdia OQB* 
iHilBiiig urlo aa&i imi Iteii astpfontag "tiit allow hjfp9Vtm»i9* 
^Usrrw (1962) «IalaNI tl2a^ • ^ i o t i d b««tiria 4tf (^ 4»i^ Groiiiiii«« 
ayBliwsiflti YitaulB 0 liliieli ap^matty «&• vm&Oie^ bgr 
|fi*BWCMiifaMfi«ama but l n a t Of IKI ^.ilHitl ' IftHIHMI %# 1 ^ iMMit* ABO'VttBk 
rtA« ftttnimWdi to tb« i^iirioiito of £|||ilattMlli AUICII *»> 
thoir mq^Uit? of i^9lJBl3jitlaf «taMi^)«rio altrofiiii flMMW 
am^mmti in »lpi#2MHi 1»lbia«« os a f iBttX $ro^wt of purinM 
ftod ii^iiio aiiA mtalittliCT* 
it?th (19^) wportod tiiat a^ ioot t fvsB Afl^i Jsiiiiaift 
. tttsiiailats ctw^i^rio nitroaBQ is mlimm atdiiiB o«BtaiB«» 
ing wrm^ ma ir io moM lAioa uoisg XaMUoa Bitro§iB« foUi 
f a i lM to Goafirs Ills msadUr UMia^i* MjaHlut v iMt wtsn 
mvnmmA 1^ Oart^ (1199) ai^ BvdiMr (1999) oo ooooiA^ aoA 
nature of H ^ S A O ^ i9 not ol^er* Oirt«r (1996) vlat«A t i»t 
1di» aiyiMtoaQi t^wbimim of ataSor taig ««P« ialorioiia t9 tto 
Host. I m t and fvamilMl (19!K»0 Oooa^lU (199f>t BoiiiM Cl9!i6)« 
SIbiB (W4) liBw pmfUi^ mmttkmi'm 9fiA9mm of a Butaaauiy 
«{^ iascoti on 1 ^ 9Vmt» Eooontlyt ^OiNP (1976«l97i»m0 A 
W&} In Iii9 ««?te9 OEf pa9fi^9 ^bam^ tte Ivporlaaoo of oyribimitt 
in Hio l i f 9 ftf f^iT*^?! *9* ^ A3'«O ooonftiaatod Iftit noalMK* of 
ojriiiloato «llii Htm 9im of itot i^ rootoni onA i t * dry « i i | ^ * 
Slit ffrovtti of nteroogganlwa l« ^ptndtnt on on aiifiMito 
mxffjfly of ooitatolo at^dloUtoo ond OHMT nulr&on^o* IQio 
9poolf &n soqnljro&mitf VW7 anoopting to i8io nntorol onvlvna* 
taontal odiaptatiffiB oT iiffi»^ot lOPooioo* iaM liMloria am 
oiae to iswi nnftKr a «iio ran^i of oontitlnno; to«% ot^Kw 
aopiMialJjr ttm wof $%eiioU^ p^^asitln ouoii ao Qflffp»«y>«af| op« 
raro very amoting and vmttPUitim la Itiair raqnlvoaMBta* 
Attom^ liBVo lioon aado to atndar omaritlcHii^ TaonSswrnntt of 
laloimor^uilaiii aoA tbotr tiaoto liy liraond and SaraoaNl (1999)t 
Pant and fsaonliaX (1994) end Xlian and M d i (19T6)* 
mm apiiiotia Iwtttria ham ir«at l^ ^ertiOMa In Hio 
mrtgpitlooal r^ quljpoiwat of tin Imot opoolaa* mmf anintftlw 
*^ iaS3P ait8boa.io iMOaaoot pro i^ao n^'^mim ani al«o ^fn^iialao 
pp9U$m trm nitroipnoas lattsiMaLia prad i^ato* Xa aoM Moaa 
eartetqr«»a t^«ff m iem% iSm$ mm iamM^% ts ^ •Mvilwlngra 
•it«i«a d i f l i r viavlar I A ^i«i:r f«Q«|ytatii1a tmt mtSat9 me\im% 
iS9»«iiUiy aamig lib* «w»»fK»M^tlii K P M I M • •« • O i M i U A 
•JMMMl" MM «npiiK«ti iwly «3fatlMli0 I M U ^ I M «a4 tf« 
Slwp "W wW^^pWWBMW^f ^H^wiHp W ' ^ ^ P i B ^ ' VV IP™ ^^RlP W^HW* ^WP^I • ^ • • • B P V H P <wiW I^^ ^W* ^WW'^^. i^l^ WBW •P^i^ww ^^^BI^ Ww 
1 ^ W^Bp(B« • • b V ^^W^^BPW ^y^pVI I B^PWWiJ v R W i M W | H ^ ^ ' " ^ V ^ | r H^^WW* WwPW ^IWRHv w^^W( TIP^  wt^^^ ^WHI^* ^ ^ ^ K F mHtmjSf ^^ ^ P B B ^ 
t«a to f i t tn l t l^ at HM ptMtis ttetor ymatst tti^ Ho Miie tmd/mX 
t jai BOtilttV fif ^OSlMnia Hi t fWrilWWlfl U t f HlO OOlMlilSiMHI ttf tft'OWth* 
fho flnonol of a ISootor roqitlziid l!»r * glvos Ijwoai ttf « 
fli&iBBPo H^ fiii'j^ Ml'ISi msB mtwfo of o'tibMt MirtarlAB%i ppooMtt 
^m iogroo of ft«E«^os« M* i^^ftiml mnisetmmmt mA portioiip 
Iwt tiHQomiwo «liio A gvevtii i^ttv forjBsxno OOVOSMI lnooiiAao* 
f IM fpownoo of mttoHln^ £ ^ mio «r wmm «f Hiooo tmrntlmm 
nMBooo 1 ^ toHal memat of gro««b iMtont xmm^sewA* VltoniQ B 
oooM to lijigr« Itmftoiiwrtal jraJlo ao oooaoiat or jyo'tmawi 
jrooouroo? ia oolXiCUur aotiboaiiaMte SMa saasr )M olitidUM^ txsm 
aatozlal aur Itol^ 1i» aaitatioa xatfaotloa ^otMtlai aiUdJi 
7 
fftHQuralfelA SJaitc* ttiym meA Wmn (1991) ii^tmapmA ISMI ias^or* 
tai^s <tf ^tsMtim OB Ibi grovm of fihtittlliLyi •?* i«e3Uite4 tvm 
Hw aorottsw of ^ T i i JUBfldli* ^^^ aesirttA ^ a t vlt^^bi B.^  
and vi'tanlii B oOEielcx or* netdod for oooCliiwBt iprovth of "lailji 
partieiilar vlvala* tlM 0ro«^ of tliMo toottria is ingiOatwA 
iNHIi tattmaU^ and dmroall^* ZattuMUy duriiig Hie HiMsv* 
^ibmim in illBfltf I te orgaBtSinivodUQM tosdJMit aoiiai and 0aM9 
irttioli tuem mtt^»tmt$BaL p^s«rtl»f and iihsi la n ^ flue^ltiatioii 
ip 1 ^ ommmlt^ mmam* IB^ itarsdULy iMMpttrial o^olo^ t» 
affaetod Iqr ^«^pwrat««« iKiiaturat l l # t # radiaUnn^ and 
oiBstlo proaawiat (ihap^t ^94 i^  1956| Balpolff Whih 
Siflii <l95lb.> aaa ^it tismt mrltm? tiio attaaaptad to k i n 
%im liaetaria v i^ in Ifea fa1i*^ od7 of iKUf lyWi i iflUClflaBft 
1^1^  f ntradUBtSiig tripaflttviB ia liii body aavltf* Bruaa and DUOD 
(19^5) amooaaafti^ ItdyObi^ Ht 1 ^ nsfoatosal liaaiii^ia <€ a 
^lattSdt Blfimni iESBliliK* ^^ mmr0tmm of aaUHiotiaa 
tt9hc?«d ao ara of apr^riibiaUa rwMar^* !%a anftoitatiOB of 
irarlor^ aii%ll»ieiMea hn €2.l»tBaUBg Hbo igfitbtaata IMPHI atiaa 
Bre^S9 (1994) ai^ ifUad elAoro^/oatiay aad aae^miyeia « i ^ gpm^t 
wvmmm* Satar wk$ mvmeaX Itna^tlga^iri aa^ iailad panloUIiaf 
&AjeBPmsgm^sSM§ aiiraomfeliit osiQfta'ii^ fiBigfalaff ^wnraagnoliif alva9'te«» 
agfaint lioitaqapaSB and kaaoqiroiB ldiroa#i tlit faodf in driaking 
aatar or la Hio fom o^  inleotioiM 1» lariag eS»9a% piartiol or 
•P"^ i^ ™ia>o* '^v'HninvaNiMMiHMr ariMin^aH ^wifc "^^(ji^^ww^pi^aaa w'a»^ 
8 
flu nm^meHmmf |^fl|ft'1%| flTliBliliU- ffM'^^i'^lll ginimliflU 
AOA lllifllfliinBH $BUiSUt§^ ^'"* *^*>) tTMittd iiiO0MafiiU7 
MSiSI*^'^ siapiiiiliiloMitt SMialoiaJAiif flliXonofwitiBf 
ptiil«Ulifif •1sr»9tamM»f oK^tc^ailSiMi tiikam^ttmmlim^ 
im$U6am§ am BOXt 19941 mm^^ 1t9^l i itotlter, 1996)* 
9i aimm mum ^^^ mseietm^ m% %f Mtoasl Cl9t0) and Kliaa (1974 
A Wlf6>* niaa aMVPt^ ttet I^w9» druff oaD taring eb^m dialnr* 
tiaaae in Hi* tptoi^tie tNOaoot dslatslsg %«taMii liost oed 
ISam*^ al4SVoorpHidMM d«Vffil»9«d r«ii9«aiio« sflKlait «itil>i9tlo«» 
W» «siili^i»d ^^ot «i'^ ib« iawdOM in do«ait« nAiriUiitttrsd to 
dMTMftdt ttavril^ inaSdaUiif ^ i d«f«]«pMMrt gf Mms kind of 
wmu^mam» fii f«rtti«r fom^ Hmt ^nibi^tf l«dl«t0d firta 
diff«*«ot ina^tt C^^ |y^ i»i^ y ilYWialiUr ISSClUA T*^«*«^f^ and 
iBBPlllfflGaift 1r**^**f^  Mr* lii#2ijr 9iii««Flli>X« to 9A0t»ii^la 
aM olOi^ EroiiQnMtiB l a l||Efti» 
£a furHiur aiadiea ^asordiag tlw itffoot o£ diff«r»iit 
Qli»3io^^9 jyi Xltta Oitrriod ottt bjr Mi^ fan m& tiism (1981)f tboy 
i^^arvod Itsat al^ltoooia oad elil.or«»Qpe«UB more lil#i2^ crovtii 
9 
^Mir MtioB agftlJMt tte f?-#rn^^li IP* iMUilva f V M fipJMllft» 
aSbom iBiMiifli wA ^wy f vana «lwl tlw lilgtoct hmtfUfrUiAalL 
lB«pit« of mw fQsPiioi^ s tafBraBliov vtiirAlag *to rA« 
or i^raateMl Blaraorsaaiani is ^w l l f • of tbt Inoooto fhol oro 
ooMHSloflny laportoBt li«longlng to difforo&t ox^ nroy i t olllX 
far from ooaiBloto* Bui lihort oro miPimm WBodrnm aaA osrloia-
twcsaXf UsportaBt ioooeto «^ ie% hoiro net b««o d«flilt irHh la 
4o%ftll« Is ibla jE'ogaflPAi i f th« nO* of aaoh oyAlttio aioro* 
•r^BiflBa ia workad otil t% wa^ p«^« BBO-llier audteiblft uallioa 
of iatagratod eontraS. of iaa^t poata* flioraforat l ^a iOTaa* 
t i ^ t ioa l0 atEMd at BiffvQ|lQg« laoiatiogy oultlmtlag tha 
mnatoaal ^piibioiits aaaooi&lMd with Ebiaattgrth^ ^«aiirii%n f • 
•D^ ^itoAiia* ffjpftfMfli*^ !»• aad to 4a .araliie tha offaota of 
vitaidQaf aalilia dragot antflllotiaat and iMaotlolAaa on tba 
i?ro«lli of moatoMl oTlltloota igt "^P^ aaA ^ j | j | ; t 
Materials and Methods 
lo 
f«r Hw pujfpoM of ISiiB ttaigr iSm iamniB vt w^imiklx^ 
A3l0Krti Fort aod Itit OOAOMMI of Vood QmmsnMm «r fitidlAf 
Silt atOQii «Ba.lnvw of MffiWfffWf llffTlfri^ fli ' • w i 
ana 6!!;^ E*H« In Hit jsviNiiit stiaASMi* Slit iiiM«lB mvt 
stttvtd la •ttx&itta t^ftlMini eoirteSBiBi ^bm^t •••<• to pwfwit 
ISwa fx<Qn furHitr am^aidBatloii* 
ftai iBMoti vtvt •tbiilatA Attorn Ai««*e^«W| aaH iteir 
viBtfi «Bd Isf i wne VMWfta* Stit vtaaliiiiig perttoot or ^it 
iKidy «•«« VMlttd in Miivnila ^iLAridt (ItlOOO tA)* ^t t r * 
ttiMM «ts« xtaMft « i ^ •'texiUfltA BonwX stdiii** Slif dlM««* 
tiOBs fitxv ptvioiwdf «i1Jli Itoie \m\p of fiat atvAlMt ID iSm 
ai«Metlag fluid ooDtaiiMid la oftfl'tgr Uook ua&tr biaoiiilar 
alAfoaoopt* Surlag tftit ilaotottoai ^it diMtotiag OmiA «aa 
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I t f t sUmn tor ffvqpimit fljiaaglnii* fbt t lMMtiae imtpuaiata 
««s« atexiliMA In 99^ •Hbaa^ and HamA tef or* M * * lomMiti 
B«fez« taking wit H M qrottovM or B^MtaagrlMf tlittv 
slfl0 (md e^oar mm taton teto aoMWit for aov9tM&ogS«a2. 
atoaiM* SlM iqnNitQW* and i^MtaijrtMi Mvt iMlAtad froB 
JhiMbDlttl °Bd J*JBiiMEtlll ^ ^ 1^0 tvaaafan^d into Hit tulMS 
ooiitaiiiliig to id. ef • t tv l i i i id Stttsitut lurotli for wklisg 
pxtBQxsr onltiUHi* flia oaXtoiv tnibM mv iaeiflMttad «t dttfaxtnt 
tMi9*mtazM 01 t(^1*0t 1^t*Ct 90^1*0 aad tim ittm tMptratiiT« 
xwipaotiti2.y« Afttr U bni« «r ftiioiA»ati>Qii ^ w iMotwriUa 
{HOsnlta iMx« sMvxwttd ti?' oaii%rifttflBli<Mi At 1000 r«f»a» and 
wmm zMiiapndad in oosnal •allaa (0*99^ Haol.)* flw teaatarlal 
iprartli warn ttudtad la diffazwnt artifieiaa. wtdia for tliolr 
otiltBial ^lanuittistioo* That iodiiddual e<9ilOBiaa froB thi 
aSbom i&atia «ors traoaforxod to imtrloot agar oCUyitOt i^ioli 
wort inotibftttd at 3(^tQ for H In** and lator otocod ia 
lofrtfltrator at 4*0* Siio proooditai oaa aloo foUoood for 
BuspooolOBo pmpantd fr«B otarioo^oggi* ttotoa» taaMKa^B^b aod 
oVtmr orgoai of tlio trat apoolaono* Shtao oxporiatDta oort 
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x«99«teA mmieol Mam to mmaam tin irallAltar e^ ^^i«Bt8 
i!af99tijim in "vaariima ortfaet* IRuions aMia «BI« M M for 
imm sflBVf agar tAaa%t ftilatiiiff gilatla »Wi>t unitxliiit broth 
fxnn Aiff9X»iit tiMQts Of liMoota «ix« folooa «t 9Qt1*0« 
2)i»iiig tlitto el»orvationif UMI lOifl^ if slsot ooloiir asd 
ooooiotOMsr of oolOBlM «ox« al«o taimn into oomiAiratioci* 
aaooamtoa porttono of mrooltoaiOf iqrotteogrtiOt ivi^raftiiotiio 
oxwEiBi (ttotoo om omriM)* oUatstajnr ittiifA« kaMttlamlL* 
ftod olter tlMTUio* ftai tlwraio «ix« otralMliid wmm oXidM 
and otalota « i ^ oootontioBal bsMrltriotogloal otoim iiai«ljr» 
tbo gi«yi*o and GlMia*» otalM a* daaeribad I f JQiaB (1977)* 
For AotaU^d wni^iolQgiiial oludloat Hw wompmrnixm troa 
mmm,im& %umm9 wm tmmimtmA to oior sauitoa and Htm 
o<Aoiilaa Olrlaload froa tlrnm saLatai« «axo noad for OMNBT 
3Propaimtiow* 
<li«»a*o atalB «a« «iMd for •talaiBg aU trio* of 
BderOboa peoooBt In tamaof fim graa^a »taiii «aa uaoA to 
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dlff«s»Bti»t« %lmm iBl»9 gttm pMlUw or graa wfat lw 
olSiar KlimbiidLoisloiA. ttiiai waapi doM iiaiifWPrtliiii %o tlw 
MthoAs iMMxlli^ %gr BoiaKr Ct9S7) aaA EnrrtoiMi a«d Ca8«« 
(t966)* Btspgr*! MBWI of ittemliiatliPt iMMHweiolQiy 
(Bx««a jKl jft* 1997) wtm foUdMti M Ite stMiiBvd far tte 
idmtlf ioatifin of tliM* ingpottooal syiibiiBtt* 
fht •aiaaw «•!*• ttaiatd Jji ggqnital ^li&tt for 2 
tap «attyi« flM ffMar ww tbis I—iwifl in gna^a lodiat 
qmstljf AiodleinlJMd vitli 991^  OXMIMI and lAm mmtae •tsintd 
vilAi oail»ol fneteia f^ 50 Mooate* Stat s l l te was affala 
va«i»d in mamim ^B^ wamv aod Ite M M T irtod f «r vlavo* 
Qimmm dtoek siatttioD (Bifi) l«e dzoya spsvad os ^ » 
flXldo aloQg wil^ Buffer MlntiaB* Sl» ttniBliig ^at «•• 1mv% 
50 alimtM* Tim Miav vas mrtiad «itb tap vatar aad ««• 
air driad* It atoliiad «ia utialti hvUfikt vtd and ttai QSTtosdaaa 
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Co) 
flu baottvlal mmam mm nod* f son wtgmimm geom 
of BigfWiJit aolxitloB lui mve&m owv ^w MMOf ant wm 
&VU4* didMMiqiaiiitiljrt Ite aoMus mm smiiiodl villi wH^la 




MitligfX zvd tMt iNM 9iXt0faid i» Hivlli «iatnr« 
tiftMi «l i i^ ««n ioooVUtvd vitli tMt esiwirai and iaotibft^ aa 
At 5qtrci f«r 2<^  toi* Xbm% fitv izo9i «f 0*49( mUxttim «r 
iMiavl xvd and 9*00 VI of 0«1$& aolMtioB 9i a o i i n fegrdz^iEiia 
vaa aOdad to aaali ovXtafv tvba* Sba iavtXaswBt of piok 
oo&our vaa iaoioatiiw af poaiU'ia taat* Oantrol tVbaa vaa 
pagfttaXl to tlia axpavtaaataX onaa* 
Batriont b«oth auXtacv tHi»«a vtva iaooalataa v i ^ 
taat vsgrniam and iaon^tad for 24 lam* 0*6 aL of 9^  
aXfa^fiailitliA anA 0#2 al af 4 ^ aoAiw l^ djroKiia vaa a^ad 
to aaeb evltitra tidM* fim amTaannao of pink aVio«r io&iaatod 
tha pzvduatioB af poaiti^ aaat i^ vatligrX aai^Sml tMit* CaetroX 
tu^a YBQ pasraXaXX to tbo ai^rlMBt* 
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1 ^ tMt wtimiMm WX9 iaooaSMt&A iote nitrat* 
MidSuB aaa «wm loeuitettd ftt 9Q|1*G« Afttr 24 !«••« 1*Q|( 
tMt svagtuti (SiOxitiQii A t ^ilfonilio aoSd HM Aim«lit4 
In aottlii ftolA, OM port of glattlal aMtIo aeift anA 2»9 9«rti 
of diotUlod uRtor^  Soltttiaii B t StftlqrXoaSM 0*^ 0B dioofll.* 
iwa in 100 Bd. of iilaoial aootlo aoidv atiod vltti oolntloM • ) 
naa «4a«a to tlio otatioeo wmAixm Ttm opsoonnot of Aiotiaot 
oOBtxol tiitooo laAMWOd 00 ^mofft to oolour* 
fte Bittrloiit liTOtli I^boo «ox« loooolotid oltli 
taAA mtHmUsm for oooli toot ofioaloa* Aftwr 24 1i»* of 
inouibatiao I al of tMt i««i»Bto (SoiliitioB A i Qmmim o 
Bixtusro of 4*00 0B of y^latltaarl ODIBO loaMitofegrio Alooclw 
in a BSxtiiz^ of 900 A otlMuiol and 80 tf. ooaoootamtid 101} 
p 
and aoAutloii B ( ^ aqvpui oolmtioo of potaoolns ^ov Mljliatt) 
imm addod* ^w I^ ^^ AXQIIOO of a lod riof la ite tulioo whUik 
008 atoooat la oootrol tolioot iodioatod Hw pvodaol&oe of 
iodel* 
BotsioBt %mi&k «iilti»e tiifboo woo f Isot laooolatod 
tfitli oao2i flf ttit tMt megmiam* A atrlsi of ottrillMd filtor 
VQport dtsptd la t( of load OMtatt oolntiae aal latsr driodf 
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wm iMtmSmmiL into m^ mUteam 1»^* i^^f^rtAtt voaisrei 
t l» ti«ft1»d fliMis «l 9% 1*6 for 31 liss* tin 9mwaemm «f 
KUeIc ji^eipltslt «i ya^ir ^txliK ISIOMIA H M protootliNi «f 
Cui) 
a U i l l i * f l i t 1I0MI0 t9lP UOWM. 1Mt% I l i lV lJI90wAl(Nl Wtfm W$i 
^mK% oxgonlm* Be^ ^tt iaovtilA^d ana tte •Ott^ nkH 
mm BiMlMd^ wpmmA mwmpt ^HKI mm tmemw «iA 
tetsd »t 3%T^ t» 24 torn* 0*1 A of « ^tm% yta#iiit 
dl»903.viBS 2*00 1^ nzMi In 20 aa Of W •HHMMO. i i i i 4*00 lO. 
l^t»e|lial» and 0*1 gB 90taMili» dUiertreiia fiimylia^t $ pi 
a»l!»f t ^liQ tC^ lO. tdltttiOB 4 ma Ail»tM « i ^ •olatioo B 
iB imtio of 1i9 i^v*) WMi sm§€ to aaoli tsOM* flit 
Tti$M %m% tias poff^ RMd jyi eitxttte atdiiai* Tim 
mttm of eitrato ao a m^ 9&mm &i ^sAim wm ^^m^vwA 
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^Mflti sta* I f tM» vilii e<»^^ "NNM* tiri«ii» MTiMdiiiriiiM 
its) fjMff iffii^  i m I 
Slds WM ifSfcirflMd In l i tawi a£Lk w i l t n vli&iiAi Also 
t««t orpuilmi « • • la&iosltA ^y o(iagia«li«i una ytftaniicliofs of 
(x) ^ ^ , ( | | <?yv):^ s^ 
•CHM Vtooft Apr «M •l.ao inMnOcltd «i^< tost irg»» 
111.'itT iSHQf fllKI^ Vll^ MlS IdUlOA ASOiT Mt4lvn WM tAlHHi M iMIIW 
6* Mi8ff?iiigiin Has 
f9 AiMfftAia tlM 9Atl»|^SlA&tr «^ i^M WA«t«:?lA iOAlA* 
t t t fVWa lri*fflilfim *>^ IhSSMSUSiSitL M^Hr« f t i to tiM lAAtttA AlLOAg 
wltli ' ^ i r food Aoa ^ aotwiaa ooiltttiOB ««• iloo i»trAvoa«ii(lj 
iB|«ot^ iato '^o r^ii^lt* 
SitlMtiott Of gvovtti Of tewtoriA froA AgrootMMOt 
aireoteojrtts ind othor tiooooot «AO AAAO %^ fvvtlAiaitrjr Ai^»4« 
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mm murnm^ 1^ lb0to««aai«riMt«r laBWilita-2a* 0«iitr«a. tiiNw 
iritSioitt inooiaisi M M mi l to nm pTnllsl to ^m vtoBdtfNU 
^'^ '^^IP V i P ^ • • • 4MHI ^BB^BP|j|||f^P wWP^flWBW VMRVwO^VrflK W ^W ^^i^Wra^^MHMW ^ W P A ' ^ ^ ^ ^ W fV^OflRHMBwRilH wHpF ^BBVw 
oodloUal iswIoB* SlMr^orOf oillMr tlw idiinrbmMy m U # l 
mwttiapid by bootcrloi onlimra aay 1M oiQAfliiiMi to wimaro tlM 
iMiottri^ populofeioB* Za tlio prooiiit ^immm^ ^i* growHi «f 
battorlia p»piartlOB> «H vopvooaloi in tmem of o^x^ owstagoC^ )^ 
tiTmiiiri ITmiut nl'^ tdift sorooatsfli tvomMlttaaaMt liiOidLiio 
fim otSMitlvl^ of «|i^l»ato to difforoat MtlUolioo «•• 
tofftod Hy filter 909or ««3llofiog 4iioo attkoft (BAkiyy 1f€7)* tlw 
digroo of imilliitl^fi wm mmtmH l^ t«e dloMotovo dvoi«a m% 
TigtA mQ0,m to "^ it «roo of tlUmet%i§ ppoduood Igr tlio oatibio* 
tloo Hood* 
thsi t^mfOXmA wm^amm^ fUtor foyor diioot ooited la 
to«tod OBtUilotioo «Md £or ^ot^noyo silAOid ev«r o^ flr slUitoo 
iaootOdod v&tti tlie otrolB to bo tootod* fte i^Uloo nor* laoti* 
b«lod for a piriod of 24 l»r«« «l 9<3tt1*0$ ^M MMO ItiUbl'tod by 
ii&ftibiotloo noro x'oooriod mi MLX&notor ooaXo* A di«aot«r of 
^5mmmA nbonrt MO tnlne oo tbo ioAix of liMbitloB* Solootod 
iatlbiotloo ^«* iWLolUiiif AMadoiUISff aNniiollUSf HisiollltB 
•ad QoaiMgroiB woro tootod ia 0*1?&t 0*2^ oad 0»99( ooBMotratloao 
yroparod la atorUlaod doflSAo ditfllUod «Blir« 
19 
Ti 
mn jsmnvixm^ m WB mmm m mmimm m mm (xtffiBZ* 
z*:^ . 10CK} flogf nmM^ uf* o»% ffA)f UWIOM %(i)mAoijui), 
¥> aoif ?osll« aoid 9 vmgf %«£•$ •••)§ HtMitii 0 (AMsr^lo 
«tl4}t titaolii K (g'lwHiyl. 1-1f 4«««9tl»0«iiitn«)t Mq^iUlfli 
MtlhiMWolOy i^ Osliii iUttbMt BwrttiiMailw (ItalciXXia 0 ?ot»-
Mlm 2000 00 mAtf mapiMiMwiim Z«P«t S^iOilMamMuilM Z*P* 
and aaXshfinmirtm 9»S*P« 0*167 ^ Msh Bear taiKI»t)»8«i»iiwwM< 
{SaajiM«eniAiai)tOaXoi» aenMoattf IBS (aiiddl«if0>«iilimarl* 
4apldKi<MM|«ii4AMUM|)- SBQ (Bamiiii &Ensli]i.flEPidB)k iMtA iiraiiMi \M 
aBd 3«Aimi fXosriiit **3^ pv^wiA Is ttuPlliMi aotdOe 
dl«tUZ«a mtir* fte ^MIAW e«M«8teAtioai miM in tlit 
•acBtzlaMil «•»• 0*1^ ff 0*2^ 0*9 t^ 0*49& find 0*9^» Bt^ 
ooitivd tuflM QaotAlBiBg 6*S A «r ButriMit l>ro1ti wm la«oitZ«tt« 
tiitli 0«5 lA af tho atoA oaltttra of oyaibioiilii aaA 1*0 idL ^ 
tiso tBim* flm oontsol toot tuboo vofo ^Udlai^ propovod 
1^ on o<|i]&l aaomt of BcnniBl oaXlao* Soot tii3»oo lK>tli ojqNol* 
asBtil and ooQtrtfXXodl w§m inoi^otod at 5(^1*0 ittricg tbia Bario^  
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OlMvrwtiam wivt aaA* at MVOt 6 lixa* aiA wftatgntatly aftwr 
vftzy 12 Im* ia-ttrfal VKS^Q 144 tei«« TwIiiAitgr • • in mdk 
twit titbt ma wttsitxvA m A iix««t fWMrtioB «r gvovtli ia 
taxni af 9& txaaoalttaBoa ailii tiit iMlp of a yliata^fl&ailatttr* 
flUa tfuNitd tbe afftetlipftiMMi af ^» a^ MOMtrntloa aiaA* 
Piaaanoa af tli:Ulc ^iaaally itttatabl* tailiUl% la t^ ai ttfb^ 
«aa takaa to ba aa iadlaatiim Hmt tvta^Mat ma laaffaatiiw 
afaioat a^iiiioata* 
10* mmnTOst rmt m njywEwsf tiSAMnrst smmumma^ AiiiBioficd 
for tb$M atiMIr ll» aaai ^laaieca. aad Atffaxaat a«Baaa«* 
tvatliMM aa aiBtlantA )wf ova aaia HMd Jft SkBIc OM diasivN 
efloaiBtmtiMMi (OtOOSH^ g 0«01}&, 0*09(, 0»t^t 0*2^ » 0«g|6t 0««^ » 
iwUati af MiMit floaar vaia miwit la Hal idMBPia aolistJUHa* 
S^itir aaii^ta atxa saagMi to 900*1000 «g* 20 4aiaa poUati 
«•!« gi^ pas aa food to 90 aOalt iaoaata yeteiimsiki ytaliii ap 
for tlia airlpoaitioB for toMi^ dara* Stoi pirooMa aoa rapoidlaA 
tiaaa tioM* 
^StB i»iiomtlao titat a»v8ii froa ttat tvoatad liMoata 
wm sataliiia la aaall toatexa for 20 a i ^ to \g^ oggi* XaMoti 
aaxa ttea maoiad aad taatad for ^li psaaaooo or ateoaoo of 
api»loBt8 in tl»ir body tlMrata* In thi^ faabioa t3» olitao-* 
thiziipotrtioa aeza ivgoXazay adBiaiatirod oraUjr tvt ttnvt 
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taM«t» MMwxiilcd wA tvasf«rx«tl to autrlMrt; ^wtli toftM maA 
i^Mtv grovtls In 9^  tfaomittaao* ww talMi after 84 Ion* «r 
iBOtibatlOD at 3<3jt1*<'* ^ *»• tlwa acapaPta aitli tliat of othm 
eooooBtfotioBs ao ooU oa 0Q»t9«&* 
fbo axstzlamte «oi« mmfiM out ia aa iaoootoc^ at 
3(^ 2"C ml &^S^ E«H« n» offOdt of oaob of tli0 t^ealaal^ ^ 
adiilniatoxvd tixoui^ foo4 tfoa alao aladiod «i tfao&r anxniiaa. 
of iaaoeta aad afttuxatloo AaidUig oaob fioaeatioa* 
Results 
22 
i i S f i l i 
BC^mtooytos «sr« pMMnt in ]filmilfriiB ***^»**t fito* 
iStlflStdllli iEBBIClit ^* (a<A«9P^«m)9 iOjUBbl JHflllft VaUu t 
llBr*f jffifflin mrrliwifift *^- Il?f*1ffi flr^r*fffiifii ^'- (Btotyofteva), 
BT "^*fiMffl ]Htt8ttl ifilf^1*it 3ai@«ar (AaoiftMira) aaa Jluilft 
FlUliMlttlM ^^« CsiplKni)* &»ii«fiHrf Hioy mtm adt dbawrvwl 
^ ^[jnrtlilti f*"^*^g*^ OPf (HwMiVt«ni)9 IttElttBfliElAi flflflfflfflliB «^ 
dOSBMSBM 20iiiHi 'C a^r^  (BMd9ttrft)9 HAMititeft ftBTliBflillfll 
ttSUUfeilM libli iBMll& ^ l # * i (lUptwni}) Jdttl flfiffMlWI '« 
^^ »f»^ ««iffl U n O I 3P* C£o9l^Fl«w) and .dBBI Jttfi l ' • 
fhffrafor«f i t aipsors tlmli iasMttt %«l»mi]« te 
Boaoptsray Oolteplara iflti Bt«tyig1»rtt hn^bour iqni«tQai« and 
S^rsatCM t^sff lAMureaet ^M»ot« li«2oagiiig to etiMr oorAira sooli 
Mi Zicvii09lcra« l^ jraiiiBptara and in oertaia Ulylara and 
23 
ffjaaagja^ aaft Hwlr iQpiiiloatd tmm %mn tmAn* SMfl iiiel.iaAi« 
laolatioiii oiiiltifii<UU»ii tA«iitlfi«atiOB af iqri4»S«Bt0Afl»ii«i^ «» 
•llor t»«tt ^^ ilirw diffffiroat naUiods willi «p*oiaX «BQIIM1« 
OD Hie AffMt of o«rtalD ipitei&nif aatfiiiiitlosi mAjibm dn^ a^ 
« d iiMMOtioidita iKiH^ft IllEft "^ Jft Han* ^^"'^ <M iofWU-
pildloa WMad peirvldad data on 9iMifl£blli1ir of iioing fbo 
twolwdLal. snlbftoDlHi of tiMHMi iiSMHiilai lis e<mtPo2Xiii^  thwig 
®m tmiXMmUm ffit ttio iooooto mm Mdo en Hio teoio of Jlaok 
of sroilouo itdToraitioa on tliiot poota of atevod srolaa* 
MMESWSSA SSlMMttA 
S^ raotooaa aaro foaad la p4iraf l^im oa oitiiar aido 
fa£ HMI al ln^^»7 ooaal wmse tlto aatarlor and of itos 9roa1»dai* 
farthar they ««fe aooloaad by a aaaa of ispmhimu 
Xs atHisx to a«a«!^  the jproaaaae of ipiiloata ia tha 
apoetaMsa aa aa3J. aa &a dlfferaat tiaaaao* tarttidiaetrar aeldiod 
aaa ^naoyad aa raaoantodad h^ Oapta i | jg^ (t9IK)* Iron Hia 
tidda 2 t t is oaLaar ilial! t ^ l o a t a aare praaaat ia H M i^ raatoaea 
ovariaet taatae* apiraatbeaat liamolyBiili aed fat bo^ y^  Sliay 
«i»pa alao tltmmrwA is intraasTtoiUMEiia apMMa* 
24 
XBQUSBD mm ^ixm&mk jfM^Mh 
mmmJmA 1*$^*0 or 1^ 0«$-o»d j^ • 
and 8Fm» to li^lit barawa la eoloiv* 
OI«ar ana ham^ ffemeWtf mAioMmwi vriidKlsAt wrn^ emA 
Tvndi^ likdta WHO <Kt tenHtAafidla* 
pinklih or \mim in oaHmxffm 
(AovOy ptF^oniata «<l btnOM altaOtiM* It fall«a to preduot 
SytroiiBQ mai8liii» (l^S) and laAol* I t tmemwUA glneoMt 
25 
to tmmmt Imtom^ Hitrit* wtm tm$amA twem aifralM aoi 
•turals WW hor^ bralywA* OB HM tecU of aimv« oluraotsi^timi 
«M mmiailjm wa^mmf»^ wm limrtt^lfi — ^ l^-^ -TII iffr**?fiih 
SSit a^ rottOMfl ••re imuA i s alX l«nfBl stasis Mid aot 
to aAiat* tbtM twni lotattA in iSm aliMntary ooiMa aaA Mr« 
iBtt««ii»a oaMM o£ ntAgitt in -tiw fom of ft BMMI of ooUs* 
In adiata the m^mtsmal ^^ionto «or« ivoooat In innrioot 
hmmOymjjt ana fat teoil«a« Xa yomig: alMLtaf on Hw oltaar liandi» 
Hia ^niiioa^ «OM i^Ntat in aeCU T9pP0&mtim orpoM* 
(9aKLo«€). 
msjmimmmmsmmmmL 
Zn iHHMaidL amDoaanuHW Hit ossanUn WBB gteaolaaPm 
i»a<<OBtll#t gran 9Mit&v«t oooiffiog in Izvofiilar ipronpo ana 
•adh one oMMurod to 0*M)*a it • 
Oolffislfis olroalary aa»oth vidtot «S.1I^  ^ Uro navigiB* 
MMHMHk M M K 
SfaoMiA liqnafaaHieii vitli aliito isMMEvgr oadlaiiit* 
o 6 
H'ftlftfti.tl Ifedbtkt iMiyttl AllMl Md ipLSffiNKfaiiS* 
l u t O I - AMEPttMA IVll l f t lHl iflaelaNMS* BHHliiHDS. MM I^UuiflMM 
t^ai te«t»ia «npt Mvytatd to >• ^filbiotie to tto iMotte MMI 
sxao MRBOP A s s i f t 
fim ittiioirtifiiilltgr tMta of i^ pootoMl ^rifblmito «C 
i f l i a l l l f l i ^ otaloerMBrtftliit ollittoolat tratM^otat iwwtoiaiiBf 
27 
f I Ml Mtf 90 Mi ia fltWMftf l i Qrnif^ i»cttiity>ll—» ildil« 
aonm t f IMiibitiwMi l» 0«a^ tawtirttarattoa la <M'wij^i<im 
iiiili:bi«tia(i « t t i 9 9 n » 9 4 « B i I l M t S r T « i t 2 2 H % H a l t 
21 •% I I H M i 94 Ml fMft«tivilf^ QM wmNMiyraAlii mXwm 
is 0«9I& wntwitnitiMi tMr« 9 9 M f 9 4 H N B M i f f 9 0 n 9 a i M f 
19 ••§ 21 Mif 19 • • ttH 99 Hi ta iw^pMfli'vtiLjf* Drwi I te (riMfvt 
i«lft tli«r^bz«ff i^ la MR^nlaA flmt talgli tmtpfm aC I M i i t l a a 
uaamiaA la gtOaarMgraallRf amBPoaiat iaatMa^alat jantatUta 
liSgldlar aaaaayltaia to gaataaaiatat irtaaroaoraat^ a aai AaxlatlUa* 
!E|ia aoaaa att lahfbitimi proasaaA ^y dUfaraat aatikiatiM aara 
^ aat 29aMt20aaf29aB» l a a a t i a aaif I f aBf iA wm% %SL aaf 
la ^1$ aaaaaatratlwi yaapaati^ailyf a i ^ aa laaraaaa la 
eaaaaatgaUaa of aaH^latlaa ^aia aaa aagi'aafaatlag laffpaaaa 
28 aat 27 Wt 21 aa* 91 aa^ 19 ant 19 aa^ IS wm§ \^ aat 'bo aat 
t i^ aaaaa fti ^•% aoaaaatvallaaf H M aaaaa aora aaaaaraA aa 
9 0 a a t 2 8 a a i 2 2 n i » 9 4 a B t l 9 a a t 1 9 a a t ^ a a t 9 0 a B | a a i 
14 H iNMaal iifiaraat aatibiotimi (SalAa-4)* 
28 
nsszsifXfT %B8S i&MXsse^ layKJ i^Hs vzfMm^t wnsjsu s^Mt 
A f^XBXosios ASB inmmmxmB m fm mmm Of ntmimsn or 
Xa ftAditioa to ttslsing wfim^mmX ipMiionts «ipiMit 
aiff«f«Bt aatiMdUiM l^ Um tm^SmH^m ictailta vtiiisr *Mi 
na&tt tolHRi to dot«nils« "ttit vl^tfft of MV^da #lte«r mm>* 
poaadSf vitissilB^ vAiNi dntiit lOMHitlQiftis ia aidltlm to 
aatibiotliM %f miSllJB0m tw%14laetrio MH^A* 
titoniji B|g aw foaad M^Oy «Bit#^ fnr I ' lHHiUIr 
At iM iaitiai ataip tli« groats a»« g3l9» %«t aftor 12 tra* 
anak jfcaaaffaaapwpwawi^wt wa^^P wMBna aF^^jjpaMBwpaa' w^aapaa ^^^ani ipwaaP" a^wi(BP(Wwt" ••wt ^ H B * * '^^ir 
lira* of iaoidMitloB l^ sfmUS^ mm va«ar«a4 wKMSmm$ Aaaiag 
2e««^, f1*0C|i, 2S*O0^ t a#6# aad 22«6# traaamtti^aa i^ tHia 
i t aM «ajr 7S«79^ » 79*89l&f n*0Ql^9 9 *^93^ and 10«99^  lr«a» 
9 d t t « ^ asrtor 2# Ism* is 0«1 t^ 0»s^ « o#9^ t 0»4ii^  MM 0 » # 
B^ 2 '•«P««tMXy* flilali tarl i t i i^ aaa aatiaaa %atwM8 48 Ira* 
•ad 96 lira* Xiatar oa> tlia &PimVh 4aaraaaa4 ana 1>aaawaa 
aana mmt aaettaae^ abaalag €0*6€|(t 9S«0ai^ » 90*aQ|i6» 4f«0(|( 
ana 96*0G|^  aftar 144 Ira* of iaai«Mi^ «B (ff&s* I A fik^a 9^)* 
la ipitama i^^mmUm ^im 0Pmth aaa »KPia Jaal sflar 
i tarn* (^ liMiiliatiflii* flia traBi«ttt«iaa aaa laaaraA smm to 
fi6*0Q^, m*W, 7U6#, 70*af& and 61*l# ia O^ l^ t^ 0*^ff 0*1^ » 
29 
SiMt §?m^ mm M^tAy w^manmA h^tmw 24 tmm* • 100 tsern* 
t^ssmag WBdami «rw«lt aftvp 7a 1mm iU^m^^ Si»#9^f 9€*6^, 
95«9I9^  msA S2«0C|( lnmaiHiltaiiit) la «b« y«it9»9%t'»t ttmmm'^ 
tTfttlQWN Xa 3L«t«r alM«rvsti«Mi HM grov^ ««« alMctiaMtt^  
ins* 2 A SiMUi 9 ^ ) . 
ntwOji I I O M «bo«i»A arafIA gtm^ m ^ 56 tars* aaA 
Imlme i t liaoiitii ataiat ttaafaawipaa Sa aiftatiaint slNMinMKllMa 
^etaaiaa ^ iO lira* a l i^ a f aa <v«nsi|aB la i0m graa^ aarw* 
0»ap«r«llf€Ly 1 M ^ groaiai aaa gaacafdaa aftir !Ni laiN af 
InaaHatim* ifinmm 42*0^$ 90*6#t 41«59!^ » 40*0(i( aait 
42«(^ 1raaaal.«t«»Mi la 0«¥ i 0«#f 0«99(t 0«li^ aai €«§( 
awiMiatratifiBa «M9aati-fa];ar (Hg« 5 A fibia 9«9)« 
Yit«8la Of abaaadi Jmtit graatit la aarl / ebaarratiaaa 
tittt af I t f 24 lira* i t «aa lilgH* Zt fitoaaad 6a*6|^t ^^9 
6§«00|l, €0*6^ aaa 90*10^ traaaatiLttaiao ia 0*1^, 0»2^, 0«99^  
0*4^ aad 0«9£ ooM«i^atiaaa VMpaatita]^* X^ wmufimA 
52#9!^* 95«6^« S0«9:»(, 40*6^ aa4 5€.9!l$( tzvaaaltltaaaa 
af^ar 84 WM* 0X iao^atiaa* Za ai^ iaaqpaaat irtMMerwtiaa 
>tliaf0 aaa ical^EiifiMtfin taciyaiiai ia g^ 'awHi auvfa (9iK« 4 
30 
^Umin a^ on tiM grav^ 9i l*iifldKttli!* ^ ^ gron^ inw 
tUxmj wmMm n^Wt TI«Wf 71»(K|(t 7ll«aS »^«B4 i7«T79( 
«ft«r 24 Isni* 9f iifttteUoii la VMfi«tiiNi «iMiM»irftti#at« 
tt tmmBf>^i^ftS>9 %mmm i t i^t lAoviag €l#0(|lf f9»6<|fi0 
i0«i9^f (0«S# H^ 9i#<^ tifaamittaiiM i^Ttir 48 Ism* 
^itamn K ana <Ht«sUi 0 iMl« -vitmiii lig INW ]UM»t •mq^trtMra 
Oif gPQRIftSl* 
2* SSGSUUEiiS& 
b^e da;ta ^tz^taiaiiig to tbe of foot of f i i « sidLite 
dni@a {sULidioaitlittf«soutOt «apimthlo«e»l«» mHpm 4lMiiio» 
3^ a.9b»9^ 3i4s» peatMot&i^) is giirtn lii ttflilo (10<»14]l* 
31 
Tlw ptzwDtaft of tsnuoraittaiiM la gem%h tn 0«l«O«9( 
of mOkpbmtiltasmmoliM mw 86^ 9 82^t S # t ^ and 909^  VMptoUftljr 
ttft«r M tarn* o£ iamSMi^im* Tim owsmvomiim tUpxen tw 
72 lix»» tte grmfli la mm onoototvmtioii x««0«ttoA «i 5iV^ t 9^* 
669^ t 69&1 69y&t 66# aed 7?»999^  UMptotiiiay* Mttr OB Ite 
gvovtii l>»ea» sooM^t ttatioMogr and sadnoad to 919^ t fiOf^t 
959^ t 69*669(9 669& and 79^ in oofjraapoadiag i^oaaDtnUifliia 
ing* 6 ft fidOa 10«14)« 
Xn aiiX9liallii08eAa» ttw lag vliaaa of tba Jg*jnielJUUyi 
naa «Ktaadad oonaidaseSilyt takl&g oMore tlai for aMXti|3.ii>a» 
tioD« Qvcmth in txanaalttaiiaa aaa 69*00|(t BU(XI^^ B0»30f, 
82«66j& nd 87*999& xwpta1di»3jr xaaovAad afttr 24 lum* InoiAift* 
tioo* Ibxiana groa^ aaa zaooxdad at 72 loa* aboalag 94#6^» 
99*OG9(, 61*99^9 61*9G;& and 62«19( traoBBittBBoa diffanat 
eonoaotsatlQiifi zoapaatifi^ ia 0*1^ 9 0*2^ 9 0*^9 0*49( aad 0*9^ 
oQoeeatmtiani* Ktiaxaaf^Vt tlia gzvaHi ^mmm aoaca or Xaaa 
atatlooaaey ttmrn^btaa^ Hia axsavtmat upte 144 tea* (Vlg* 7 & 
SalOa* fO-U)* 
aidSlia diaataa j^ boaad 79*66j(t 79«999^ t aOtl^* B9*66fi 
and 87*669( tnami^i^mm aftar S^  liva* of iaoiibatlaB* Tim 
masimak grovtai la txaimdttaiioa aaa 97«9?^» 98«0C|(» 99*99^t 
4Q«66|& and 43*0(|» aftar 60 liza* of inontofttioii la 0*19(9 0*2^ 9 
0*%^ 0*4^ and 0*9& oooat ataratloiisjraapaatlvaly (SidAa 10»14)* 
32 
OB msl^smq^amt tno^iatloa %lm wemik d«e9taMd ana l&imr 
%m»om Q^tiGmx^ t^mi$m 47«0C|^ t 48«59^t 94«OC|$» 97»oq^ Qui 
»»& siMivtQg e6»(K^9 02*009 S4«<Ki^ « m»^^ ma^ m * m 
^ J«J0lllllJl « ^ »9tiMdi iMilMMB 24 Ins* oiii iO Ion* of 
iliiiigffa^oii* Sliliek tm^iatlsr wm t^mrm^ afttr 60 iirs* ctf 
iaoii^llQii l>ringl!ig d^m tlie tz^amnlttaiM^ to 3%W§ 40*999^ 9 
4^«99^9 0Sefi ma 49«t6?^  (fa& l^e 10*14)* fii Xftter i^«3p«atioii» 
tlio ppovlli ^mmm otatioaaif (flg« 9)« 
BMrlod«iajl» mm tmoA %»m% •£footi^9 whmdm 81»0Cp^ 9 
S4*3^f d5«1^9 87«0C^ aod mtQQ^ ia 0«f&9 0«2?^ 9 0«]^, 0«^ 
aai 0*9i^  of iti) MHiMiitx»tloii« ttflojp M !»•# of IsiidMktloii* 
^10 gro«^ Has tuexoomia aaiOMlsr xtooblag l&«6^9 41*991^ 9 49«9^9 
S0«99P^  ai^ 96»6€# «l 72 1sm* ifamm 10-44)* Mtor 96 Imit 
e£ ijaaim^m ^m &em^ h§mm otatloiiaiigr foyevotslliig 49*99S^ 9 
^«66^, 91»6^» !ia«59^ ftiid 96*1^ tiwMMllitaim aiUv 144 tmi* 
ftf iooifiiatliiii (fig* 10}* 
^yrtjOlia dnUBI • t i l f OUitt t o IW htn l i lv iiAill>i'feaa»g i n 
aatloo* MMt offootiiis Sj?iiai injwi nwiltfhftiip fhwiwa**! f ^yi 
33 
5* jpgyiosEic,^ 
m^Wt 87«0qi(» 06«60, i8«66f( Atfl 90«0(9& teCHMi^ttBii«i« in 
0*1!^ 9 0«2rit 0«!!l^ » 0*4# «8A 0*9£ oooociitratioiia afttr 24 Im* 
of taoidMitiaB* Ttm g^etmtlh frnmii aUifhtiiy but lAtcr oot 
xttvi^ wd and hlghMt frovt^ «w a^xUiitd aft«r fOB Imi* of 
iiwiftaitlont wliloh warn vflA^it ^ 66»0Q|(, 68*661(9 70*001(9 
7i«0Qf( ODd 74«66;( tmoMiltfeflBMNi la rwpeo^w 0QBO«Bty»tiQM« 
Xt is intxvvtiiig to note tliat In 0»f( o«ie«BtxmUoii tto growtli 
vat mrlB»aiy M|^ as ^oassanA to otlwr osoosatvatiopsgiioffiiig 
roslataoee of l>a«tsrSA agatnst ttas losar AOMS ef dOKiaUliD 
CHg* 11 A TibXs 15-19)* 
Zta pSDieiXUB ^ s gzmitb was such slmmr as msrossiitad 
%gr 01*001(9 83*00^986*66^9 89*0G|( aM 90*0Qp( traiMaittaiiss iQ 
0*¥9 0*21^ 9 0*9$^ 9 0*4^ aad 0«9( oooosDt?atiaiis aftsr 24 la** 
of iiio«d>atlQB* fbo sprov^ fradualXy besaat talctisr9%iit aftsr 
72 Ins* tliB traosaittaBot io laxloiis o«nosiitratlsii^o8ai dosii 
to 35*999(9 40*66^9 45*O0((9 62*39!( «id 67*669( traomittaiiss* 
X*tsr tho gvQv^ was asm QOP ISSS statlonaxgr vlth fsv ^parlationB 
(fl8* 12 « TaMls 13«19)* 
fl'8Bir1f1ltfl i^ iSMA auoh poor pvrHi in flsstasvoia aftsr 
24 lirs* ef InoiaMtioQ respreasotlng 71*339(9 84*339^ 9 84*305(9 
80*0q( SDd 83*339( tsaBsnlttaBOs In 0*1^* 0*2^9 0*39(9 0*4g( anl 
0*9f( ooDssntratioos rss9s«tits]gr« ttuElam gros^ «as rsooirdsd 
aftsr 72 te«* of oibssnatlOD BtnoaUm 59*66f(9 64*93}(9 63*66$(9 
70*00/and 76*339^  traaanlttQiios la tin reapsotlts oonssntratlOQB* 
34 
Vv 
in i t s gvov^ tttrfM (ri«« 19 A ZotoXt 15*19)« 
in Idii^r oonwntmtioM (0»4aB<i 0*9 }^ M owomd %o iMnr 
OOM (0*1^, 0*23^ 1 0«9}t)* 4fttr inoottlAtion tlh« grov^ «•• 
nlor and i t aSmma 8%(K|(p ^•0(|( , mmOQff 87»669( ssa a8«8»( 
t3PaMiidlttBaM aftsv 24 low* esa lAteVf i t inawMWA to audan 
99»9^f 40«66^ » 4$«0q!(» 62*99}i and 67»66# in 0«||(, 0.2^» 0.% 
0*4^ and 0*5^ eo&Mmtmti«w nwpnotiwljr* Aftvv 84 Im* ^ t 
gro«ftli dBovoased ma baoowt statioiMay (fig* 14 A Siia« 1$»19)« 
Aag^iUin MM •aio«tr in ita iiOiibitozar wrtion and 
9hmm 82*999^ , 89*99^t SO.Od^ , 89.96}6 and 69«fi€9( tfMMKittaBaa 
aftar 24 lia»« of incndHiitiOB* It ia elaar isem tifiua (15) tliftt 
lag Shaeo of baatazlia aaa ^rolonaad oanaidaxatoajr* Musimm 
grorth ma raooxded af ttr 48 lizs* of iaonibatiaa kxiai^Bg daan 
ttm tzBnaoittaQoa to 5$«SQ t^ 40«0Q ,^ 49«66#, 91«669( and 9S*59}( 
in 0*t^ » 0*3^ 9 0«3 t^ 0*^ <Bid 0*9^ ooooantratiQiia vaapaatiiWlj* 
In latar obaarvatiOBat Vm groai^ naa fa^ hiaad tlmt i t ma 47«6^i 
49»oq ,^ 46«66^ p 98*66^ and 66*66^ tzttoiaittaaoa in ita xwvaatifa 
oonoantrationa {Hg* 19 * fable 19~t9)« 
Miibitozy pr«partiaa tiSMm Iqr diffaxvnt antibiatiaa on 
the gnarth of B»eMbt3Xii# MiMr affaotiirs antitoiotiaa «ai« 




l^ iaM ^ 2*JUttllUi >^M tiAiaiiQta 9&dBi€lf and "MM fro«rtli 
tsaiMttittaaM wm BvCXy^ f 0O*66$^ « ai*0Q9it 82ti69l^  and as*16# 
atttr 21 In** of %mi0^im* SIIB woiMnii grovtti ras MwvtcA 
«% 48 Isni. wAmim 50»0qf^ t 90«89?it 94«339(t 9S«93J( Md 6U0a( 
transidttaaM in 0«^» 0«2J(t 0»39(, 0## and 0«9( 0WMiitr»» 
tiam vi«9tati<f«a7* tPtamafttr* Hit gvov^ giwdiuOly dtcwiawd 
and l«ttr l»eM» stfttlonoaqrt ftexv HM meSi^ ^%OQ/^t 55t5^t 
•^669^0 69»16# and eScW tfWMBlttaiiM is f«89»«tiw •anats* 
tmtioiia Cng* 16 « ffliOA 20-24) at 144 Ism* «f iaaiftatioB* 
Tho grovtli una au^ aXoa in imaA azaanata Mt ataadily 
vaauiMd aaxiBMn af ttr 48 tan* erf InotKbatioe aiioaiBg 90«9Q|(| 
51*59 f^ 53*OCe«^ t 94*39!^  and 56»OQ9( tmrnaittaiiat* itaila tbara 
wm only 79*66 f^ 80«3^f 81*909&i 85*66^ and 89»W tvaaaai* 
ttaaM in 0*1f«t 0*2^ 9 0«3^| Ot«^  and 0*!l^  cM»»antrati8na 
veapaatitaly* ^I^o liiia gzvath ali^blgr daamaaad and baaaaa 
alnoat ttoobongad (Yig* 17 A faibla 20«fi4)* 
Tba C Xoitra azaaoata affeatad aloiAyf tlia gemiijb, af 
this baeteriat • It almad eO*39^ » 81»669^ » 8!l«53^, 89«999( and 
87*3!)^  tzanasittaBae after 24 hro* of inetfbatiao* flm tiff^idit^ 
«aa aaxtaoB! aftiar 48 tarn* of ioeubation atioiriBi; 48*0Q t^ 3USe^f 
Wf*00j^9 65*669$ am $9»0($ trananittonoa in 0«D(» 0*29^ , 0«|^t 0«i|( 
and 0*9^ ooiioanti«-^«ie of ttiis inaaatieadesaapeoti^falgrt 
36 
III later Qlbscmatioiisiaie groiHii wm filmmemA aort or 1mm 
tmmimU t% ma 54«0C|^ t 60*oa|i, 63«OQf£, 68«9?f6 «id 69«669& 
in tlM zvapMtiw eolioMtztttlaM of OaloltiB anMaatt af t«r 
144 li»« of inoidiatiofi (;ig« n Ik Si^ ia« 20-e4)» 
ZtoitialSgrt ^» grovih In ms mm welt IIMI itpto 2^ 
tarn* )mt later i t beoflne r o i ^ and raaeliaa to wtaiiiw lawl 
eftar 60 lav* of iiimi»atlQn« Aftar 24 lara* ^m gemith wm 
80.66S6, 81«0q(, 79«599(» e4«9!l9( asd de*OQ^  in tvaiMHilttaBaa 
iMit l&ttr i t reai^a to 40*0(|l» 45*0Q »^ 45»66^» 4S»oq!& and 
4B»0Q|I i s 0«1f>y 0*2^ 9 0*3^ 9 0*4^ ai^ 0**||6 eoaotiitratiaaa 
reapeatiirsljro 3to acliaaqiiiffiQt fllManatioiia tlia groalSi aaa fanad 
deorMala^ a lo i^ and raaebad ^•3Tlfi$ 57•Wi ^•OQ i^ $9*00^ 
and 64*66^ is i t i reapeotiipa ooi»eotratioiia (fla* 19 A 
<i:8iaa 20-24)* 
The- Sodlioi floiirido wm fouod laaat affaatitia Imt ita 
bigh oooodntratioo (0*9^) profiNI aigaiiiawtSqr affaatiw 
CFig# 20}. Ic earl^ otaisB tlie groatli vaa alov tout tliarMfttr 
i t beomae ra]?id» ftm mad mm growth waa raeovdad aftar fZ lm« 
df iaoilbatioD el»sfing 39t35f»f 40»8!^t 41t66j6, 45«0C|i and 63«535i 
vibile i t iias enoo^y 88»oqf^ « 86«00^, 68*6^ aad 39*539^  aft»r 
24 tsra* of inotibation* After 72 lam* of iaoubatiaa the groir^ 
deoliaed aloirly and rtaclifd to 47*0C?i| 48#33/H 50«33^ » S>»33l^  
«}« 66»66j< (M«» :?0 A Ti*le 20-e4)« 
mwm m mmmm mtmmoi msemm tmm 
WliStMSOB ASS EftB!^ 11? llOlfiyiSXOR WS!SfSS WS^ 
||«0 ffi f 0 144 81* 
>? A ' ~ • ' ' : : c- ^ • • 





/ i; • •• . ^ ' ,^ V ' : ' 
%^-^ .- .>- ^  
T I M E ( ;~OU«?S ) 
o 
8ACILLUS SVBTIUS 
mXAmK- 3 COMPLEX 
a Or \\ 
7 0 -












0 • 1 % 
— — w ' « ; .J 
^ • 0 ^ a 
^•/^P'^ * " •'^ - * 
J i ) 
12 24 Sa 4a 60 72 64 26 iOS (20 iS2 144 
TIME 1 HOURS) !? c ^ 













- & — - ^ _ .—&-
0 ^ 
0 2 24 36 48 50 72 84 9S 
TIME (HOURS ) 
F:G 3 
:0a ;20 !J2 14-4-
BACILLUS S ^ X l r - • ?_ 










. _ 0 
— 0. 




• 2 " / , , 
-J 0 J 
'=°/c 
• 5 % 
ONTROL 




C !2 24 33 48 50 72 84 95 !08 120 132 !44 
I.V.E (H.OURS) 
F.'G 4 


















Ol L__-J ! - J -
C u 24 £5 4Q 72 
i t un HOURS i 
rl(s. 5 
fZd* 6-10 
0*0 HB to 144 M* 
BACILLUS SU3TILI5 






—. 0-; % 
— 0-2^/c 
-_ 0.3''/-^ 
- _ 0 - 4 "/.J 
— 0 • 3 '•;, 
\fi 
- 3 0 - CD^ITROL 
"' r 
0 '.2 ^ U ^ u 50 72 34 ra iOs ;2C i; 
T : M £ ( HOLss ; D i i ^ 
8 hC ''\ S ! '. «5, C M e r f \: I C-
M Vrf • 1- L. W ~^  ^ V-' .^ - i ' i - ; D 
SULPHA - THI020L£ 
\ 
1 






4 _ - 0.3^/^ 
• • • ' • ^ ' * [ ^ S « } s » * * } « « M.f'Z. ?••— — - v . 
^ « *>„——€" 
-»3.' 
c^^ -
J . D ; -
J_ 
SS 48 50 7a S4 »S IQB i2Q (32 i4. 
T!ME ( HOURS I 
>-f 
B AC I I L L 5 S U B ' n ^ i S 












.. -J • " 















• t "U 
• J ^ ' o 
L O 'S T rtC u 
0 ~ 
'4 3 5 -^iS 
. . i - I . . i 
LO 72 Bs ^o 0 3 
8 
\ . i\J \^H^ i 
BACILLUS SU8TILIS 

















• 2 °/o 
•3 "'a 
' ^ la 
R 0 • 
-:i:-.=r-« 
e— -o o 
COiN^TROi 
0 ^ A... L_ . i . 
0 2 24 36 4e 60 72 34 S3 !05 !20 i32 i^i-
T ; M £ ( HOURS ) 










*- r 0 U 










3 0 ^ 
• O r 
3^ . 
% 1-
" fei*^w i^, «, 
^" "N. ''h^ ''' „,-._ — — , j — *"-*:;r-^ii>£-»**^"-
60 72 64 36 ;0S ;20 :?2 
. 10 
r:ut ( HOj^s - > 
ffE»* 11*19 












7 0 p 
3or 
1 
5 0 h 
I 
< - v O | -
1 





\ \ \ 
u f, , 
" ^ • • - . / ' 
H 36 
_ j ^ . « " * * ' * ' 
/ ' 
i;,ii 
\ / ' 
^ - - . / 
I 
60 72 S.4 l^ c ;-
T!f^£ ; HOURS ) 
C- '"•'*-» . < w" 
v.: a i ^ ^ 
:-iC 1 1 
3AClL_i^--





3 0 ' 
Xs 
i ^ -'. -^. *^  O /^ U i U 72 15 ,os : :o !32 
T.?v:£ ( h O . 
r 12 












_ C • ; °/o 
— 0 - 2 % 
- - o-a"/-, 





X -._L - i 
0 !2 24 36 48 50 72 S4 S5 lOS 120 132 i^4 
F'G. 13 





0 i 2 24 36 48 SO 72 84 96 I U W I J '>^  : 32 i H-j-
'^ IG. 14 
BACILLUS SUBTIL iS 
AMPIC ILL IN 







_ - 0' 





ic 2S ^S 50 72 34 23 :C3 !20 13: 
T;ME ( HOURS: 
15 
1X0* 1C««0 
U9 wMamm xv «i»n m mmmMm mmmcmm» 
JKD B4MBI a» ZVHQBAfXQK «SXm> IBQiM 0«0 St fO 144 1 ^ 
















3 0 '^ 
2 0 | -
i 0>-




















J u^ . 















— 0 . 1 »/o 
— 0-2 "/o 
- - 0-3"/o 
- - 0-4''/o 
— o-a^/o 
0 12 24 36 48 50 72 84 95 108 132 132 144 
TIME (HOURS) 
FIG. 17 
8/\a_LLU5 SUBTIL J 5 
CALCiUM ARSEN^'E 
' 0 0 ' -
|\^;?^..^ 
.::-Y^:' 
n -^ ^ \ \j '^ • ' 
, w 
C ^ j " 
^ V 
s-' \ t-A \ 
n , : o; 
0 • 4 '*/.-
. ^ _ ^ _ 











L. I ! J _ 
''•> 33 48 50 72 04 9G 'OQ 120 i^.i 
T ! f ^ t ( H0uR3 ) 
1 . /" 18 
00 - , 
\ 






BACILLUS SU3~1 r>"^ 1! f c; 
SODIUM FlC\jmD2 
OOf 
' ^ V , / 
3 4 & CO Si i j 
:r • r 20 
f lie JTBwwtlrtttlim nMoli niai tumiftA oo ISw of&t^ of 
l«aA iOtwEialt and oaiAimi a»miiittl« f oaioiwft ligr M^ and Bodlvm 
tlmaelM* 
fitsala 6 miSaimmd Hie nltisl.leatio» of lim liadtvritts 
of iaotiNitiim* Af t«r U ixm* iM tmmmi^iimm vmm 74*(K3^  
7^*33^9 '^•33f^i 7 1 * ^ onS 89«S^* flMHP«af1»rt tlw txvioaiift* 
ttanoi «ii0 X&mwt^ atttr ?2 lira* af laettltattoiif i^tai^j^ 21*95^f 
22»39|(p 20«6^9 2!l«f99( a»d 20*91^ iB ^tm mam^tim oai^atm^> 
tiona* ihaa ^lo iooHNitlaii paiiod pmilQBpidi ' ^ naupdlaatlfflE 
mmmA mmh mmSm ^ 41«0C|I« 4S*9:^t 4 6 * ^ f 4lt53S^ aiM 
26*3^ aftar 144 lira* of laanliati^ for raapaotiiw omiaaii1aray» 
tloiia Cfig« 21 a faM.a 2§«e9)« 
fitaraln B^ g alao K « o ^ d tlw grortH of tlila Ipafterlaia* 
Af mf 24 Urn. tlM grootH m i 19*9!^« 74«91 f^ TS*?!^, 65»0(]^  
ai^ 99*0(|& tsasiMidttanoo in Ott^» 0*2^9 0*%^ 0»4f^  and Q*W» 
eoaeaotmtloisa s^alootivt^* fim grortli liaeaoa rapid after 
38 
ai ]»»• and i t maa nanlimM m% 91 toi* tflioifliig 92«6^t 9t«6^9 
27*CK:^ t S7«0C|S and 3Q»6€^ for stajpMMw ofnociitmtloiM* 
fti3Pltev inQiOmtioii ilmiia svdaetloa In gTowth IsaAiiig td 
49«32^» 48*5^9 43^(^9 ff*ySI^ mA 5i*3^ ai^mt IH bra* dT 
25-29)« 
40.(K|i, snoq^t n^Jl^f 99#9!^ iua 50«9^ aftwp niam* 9i 
tamamtimh ftezv inxv ei% 10*3^« 7r«&¥i 64«3!^9 60«00|i 
miia MafloA 1 ^ iBtMilli WSM WMdMi?^ i s mAfiMti'w O'0fittiBlaraitiiMil< 
i t «a« ]!»4toioiid to 70«i^t 72«92^9 61«5!» ,^ §7*59!fi mA ^.3% 
f u g . 25 S> fflSiio 2§-e9)* 
IfilHBiiii K sIkOooA BPadiiBWi geoo^ at 84 toi* TOppwwiittd 
^ 28«99^ « 29*66^, 19»oq ,^ n.m nd ^«53^ troanEittaBM ia 
0*1^1 0*2 t^ 0*!SS^ f CI*# aaft 0*9^ ooomiBtral^ oiio sooptetiiwlgr* 
Mti»v 96 liz»» HiB groii^ «eiaeoA« BoMtort in oHSiiw^piiit 
loading to tlii o^ pOMIiidttEi {'i%@» 24 & iaiilo 2$«g9)« 
39 
Boi8tt»x*i tiMxe «Mi sXoif ^ran'iEi to till ttm ^msmx^tm^^mm 
46«19^t 44«66f^ f 39«6^f 3a«i6$^ aiMl 90*66|& 
af 180? t2 lam* of inmlbatiOQ in awuptttiti 
latiif (MS, i t «»i xnat^Nl ^ 7B*0q&« l^ «OC|&, S7*0C|&, 62*64^ 
and 60«0CI!^  txaiii»l1;taiiw At 144 tarn* in 13» z«»9»etiiNi 
oentmtii^i (fig* a§ ft fiSOA 25«< }^» 
411 vitaelDfl «xi«i9t i r i t ^ ^ % Wim tmm to mu^ pfol; 
Ite groif^ <]£ JI*j||aM« ^^^ Mfliamrad Utt aultlilioatioii ant 
aii(Sd9fil37 lovtzed ikmm t^ t!:iaMiittaBii0 «l»niiag tbiole srevthf 
vitaali} 0 aiMi vitailB B^ g van f«»& lili^ajr irowth prmmWim 
ftOXmm ^ Htmia Sf ^tanla B-ooasOax and fitoalB %• 
^H ft^ i^fii'^ tiifiif'iiHTili*' naa JCowaA to %• Mflt^ iir id^aoidia 
a§aiaat Stm^loooofflia ^ ^ * I t lAoaai Oi% 69«66}^ t 69«51 t^ 
66»0(|6, m»3>% UB& 88«0C|& txaoaalttaBoa aftav 24 Ins* of 
inoiOiatioB in 0«l^t 0«2!lf 0*2^» 0«4|I ana 0«5|i eoneantmtioBe* 
Mfcoiwiwui innQHtli iiMf dbuai'iHifl alfttif 84 tiffi* of inffiBfeattWi alioaiBir 
!l2*0Qif $4«(X3^ i @0»91^ » $4«e6^ mA 1%^ tamaaaittaBoa* £atKr 
ioaiipiifioant (fig« aS ft fabla 5(M4}* 
40 
2 t^liS2' fiwt ill o«»purl«Qii $0 »ii|glii^ittiB«iii<ia«» 4f t i r i4 I m * 
Of iscnUiatiGfa ^w s£»»% mm momm^ S7t6^i $9«0(^t 6 $ * ^ f 
7t«6^ iMia 72*66^ ia Ite 9999t«UiK e«»«iitmtiiii0 Q£ 
•nil|^tM<NRae» U^T'^ MiP mi gnuvlb «aa oi^pueati i^ liil^itr 
&% 72 tixv* X9premmttag $7*9?^t 4U3%9 47«6S|&, $1*S69& aid 
77*OC# trancHSltliaiifMi Iji 0»1 t^ 0«S^ « 0*^t 0 * ^ m& 0«9^ 
e(3iio«i}t7atio{i@ xesitoettiNdy (flie* ^ ^ ffllkS« 50^4)* 
aa^liaaai^aji «as also f ouod Mg!33^ mtimttm ohoidm 
65*CK i^ 64«0Cl^ t i6»66^» fQS^ tm& 7!l*3!^ txwiniitt^iiee* 
Hbnet tl3s iiioifiiatiaii pesfiod iir(^ li»i@»af tte groi»tli immmmti 
to 33.0q^, 44*W»t ^ • ^ ^ f 60*5^ and 7?«0(|i aftor 72 Ufa* 
in 0*1^t 0#2 f^ 0»%9 0#^ ^la 0«S^ ooiie«ii1imtiei» x«0pB«tif«ly« 
BitalLi »f gi im^ fatti in is ivtMnttd (ffm^Mieean^ (ti«* 38 
aOito diattiiii t^mm^ $OS&f^ m»¥»9 H*3%9 ^•3% 
mBL 70.oq^ teaiinid%liBiie« in 0 * ^ , 0*2^, Ot^^t 0»# wd 0*9^ 
im i t i x<e»ioe i^pi oiNiMii'^»tiQi^- faniwr ioouEtoUmi IM to 
3^»m$ &2t539^ f 69*oqf& aaa %*33f is His nMipee^n 
trotiws (f ig. 29 ai S i^^ ^0«94)* 
41 
:Bm%UtnMm «IIQIMM Xit^m •ffMt m J«jilaii« 
I t mhmma 47«59 f^ 49«66)(9 46«6£#t 96019( ani $7*oqi& traiMnd* 
ISIBBUMNI* ilifinf 96 lonEi* of infwiltfflt'tioti 'thffw MM —<»<.<•«• lowtiii 
y«|»(M«Qtiiig 76*6€9i, ^•0(9(t 40«$69(« 44»0C|( and S9«0C|i tarww-
alttawNi in 0*1$^ t 0*2^, 0*!H&, 0««& and 0«S|£ oonomtratlOM 
SMpao^li^ (fig* 30 A fiMt 90HI4)* 
fari0iis mUfibm imvi liiioli «•«• t«it»d «i tl» grovtb 
<^ J«jUas fliioiwd t9»t vtiXplianr^WMKatt siii9te1AiiOMi« aad 
diosiM mm psntiebfiOiiiMi* 
0«iituQroiii hiifiasr «uppz««a«d lin grovtli afttr 24 Ii»« 
of itxnlbaticRi* Orovth ia tnuHmittenet ahoMd 90»99l^ « 9$*OC9£, 
%*31Sf9 94*66^ and 97*O0|^  in O.l^t 0*2^ « Q«9^ t 0«49( md 0«9( 
aoBoantmtioaa of 0iiita«yoio x««9aotiiPaIy« In 0*9|i iHNieaiitnM» 
tiao i t mm ootioad Ibat tiiajrfi «aa mii;t alii^cnwtli* nornnr^ 
tim gvowtb inomaaad i^n owioaiitratioii WMI srainaUj Xmmma 
down to 0*1^ (ng« 51 & SalOa 9!H»9}« 
^oifsr of •Bl'^iSUoatioii of J<jUM alaoat diidAiiliad 
iB Q»^ ooneentranoB af doxieiUiBf aliila iittUi grovtii 
oeomfzad in XoMr oQnoaRtmtions* Aftar 24 IITB* of ineutetiQii 
42 
ia» traamittaiiMi wm ViooidMI 84«0Q f^ m^OO^t 99*66$^ t ^O^^ 
aaa 85*66^ lo 0*1^ 9 0*2J(, 0«5l^ » 0»# and 0*9^ VMVMtiw3ly« 
^ ia» ooDMOtaeAtlaQ of tMs etealaa lAOXWMMa ttit preOlCWMi* 
tiOD of iHwiMvain MtRitM Cfi«# 92 A tailA ^NN99)* 
MtflDia grovtii MB BOUo»4 i s pMSioUliB 9iiBV 24 tsm* 
0f tnoUbatiaii Shoving 42«59^» 47«0C|&» 46«0qi&y 44*0(|& «Bd 5$«(K)!6 
in InovtoBlisg mAme of •oiieeiitmtloiit* Afttv 96 low* of iaeife-* 
tetioo tlw grofHi wHi X9«ti»d,Uaaiiiir ^ 64«669(» 69*O0t 68*0qi(f 
72*oqp& flod 75*959^  tzniuittMiM af ttr 84 lm« of liio«(baUMi 
(ng« 99 ft tiOilo 95^9)« 
Ito 0806 (tf fsapioaiSiiff oftor 24 Ino* of looiitetion i t 
obooid 99*t6^i 95*66^9 92«66^» 99*0(9^  OBd 69*00$^  tfownlttaoot 
smA loter tbtoe traosaltttiBeoii laozvoMd to 99*99^ 9 9»66)6f 
48«0()^ 9 49«66^ and 60«0q^ ot 84 bro* in 0»t^9 0*2|i>« 0«9^, 0^^ 
mod 0»9^ » ooneootx&tlooo xoopootl'voljr* Zt la appoMot thad 
tbf ia2ltixa.ioatice of baottrium «aa higb upto 24 hzot bnl 
Xatar i t \meBm alo« and af tor 72 bxo* ci inouliatioo i t again 
•tartod pztn^oiating mat alaoat oteppod after 120 bxo* (fie* 94 
& saioo 99*^9)* 
^aoKiolllin OBO loaot offootlw HQOB^  a l l Itio aoti* 
bietioo tooted* oigoifiei^t grcmV[i wm looox^d juot after 
12 brs* of inotibatlon i^o^ing 69*99^9 i2*99^» 91»0q ,^ 45*3% 
and 42*93^ ti^ &n^ it-tQOOO em& tbe growtb isae furtber iooroaood 
43 
XwAiog 10 54*0Qf(i 29»0(9(» 29«6€9^ f 29*99^ aoA 24«0q( aftwp 
% hxv* <tf Inoiibatiaii* But !«%•? oap tin aatiplioatim 
stt^ ppod and imFOHutiQii •tavl«d i««atliis 96«99)if 64«66^t 
6 4*66 i^ 59«0C^ ^M 6f«669( tmataittaiiM ta Q»1^$ Q»2^t 0*59i>i 
0»^ and 0*9^ ooBoviitmtiMis r8«9«etlwljr aftta? 84 fart* of 
laoUtMitioi] (fig* 3S A S^ bX* 99^9 )• 
Mt90% «£ iraslotia oonooiitimtiiiwi of diffoxvat aotitolo* 
tioo woo xoosasooootid la taUXm 0S^9} but tiialr faabloa of 
WfOf^ m J«JUII|8 vao si«|liioal2^ Uluatvated* Cflooontzfttlona 
worn vQLot^ lod agalaat gitMith Intes^ iraXuos aod Htm grov^ ouorfoa 
vitli imxloiia de^wo of ^mdatlma mre fliitaliiod* Hi|^ iiMbltoxy 
pzt»pertid3 «ere Bhmm \f^ sootaoyoiaf doxtoiULlDf foU.o«od ligr 
VoaioiXliSt aaipioil3Jto aad aaoKiolllSa* 
Imm &T09mim ahonod lii69»at booloiTioldal propoirtloa* 
tt^ O^T ^re 74»66^ ,^ 7e»355^ p 79«33r*, 77.66fi and 74«66^ grottto 
xGoovtod afttr 24 hra* of lBoiiii}atlo& ia dlffosoat oonototem-^  
tiooa* MiQcliaiBa firovHi wa oottood af ttr 72 tizB* of laooiiatioa 
and i t «B0 96'OQ ,^ 99«O0f 69«66^t 7?«0C|& aod 89«669£ grovtii 
Iji tMuvnittaneo for rtapootlm eoaoentro^ooa* Jmimr on 19ii 
groatli teoaaa loae aad in oubootiiiaali Q>)Mrarw%ioii8 «i«ml]iod 
aXaost UQobaa^ ad in al l ooooontratioaa (Tig* % A SaMLo 4(M4)* 
44 
OaXoim ftSMMte mm «l«o fwnft mmh cffMtii« aaft 
slWfsA 71*39^ ff 16»^ff 67*S3 i^ 69*oqi( and 0f«66^ trrauidttiiioa 
in 0»19S, 0*2^ 9 Q»%f 0*# and 0*9^ Mii06iitz«tiooa revpaatiiMlar* 
Itirtbar t^oonOMitioii sliOfMd juaaiSiiw growtii witb 48*93 t^ 9CfOG|^ f 
71«0Qiff 7t«669i and 82«53^ tamiiMiitliaoo* after 72 luea* sUmi 
9edlua n<iit]«iAa lAmmA nmrntrnttmly aignlflomit 
gvoihdi* Xititiailsrjaftar fjiootOA'^ oii liiia gravtti ina «3.o« tm% 
%% tMtitm l&tOG^ t 72*39$^ , onOQ t^ B7«3^ and 84«0q^ trawal-
ttaaee after 24 His* la 0«1^ « 0*;^, Qm%f 0«4!^  aed 0*9^ aoo* 
oeQtmtiooB x«afeotita2^« ft» mxXmm grovtii xaaehaA attmt 
fxoXonaad iDQiOtatlon tbat Sa 60*3?t^ t &1«33^ ff ^2*5%§ 70*66^ 
and 64*66^ trooaBlttaiioa for reapaotlve oonoantraUona* latar 
mit tba dlffaxent ooooaatmtiona %)as tzmiaaitt;«Qa l»aoa»t l i l ^ r 
with Inozaaaa in iooubation tiaa (Slg« 38 k sabla 40«44)« 
Hathir xapid gvovtli ma Qtwarvad in BUO jttat aftas* 
iaooulatioii* ^^mn ms 73«66^ » 74«33 f^ 76*oq »^ 69«OQ94 ai^ 
72*33^ tzaaanittanoa aftar 12 tea* of ineiibation la ita 0«U(« 
0*2 t^ 0»%f 0*4$^  and 0*||& ooiioeatrati(»aa of thla abiaiaal 
xaapeotital^* S^ ha tootarioidaX affaat baing oonaldaraiajr 
lil^bari 1^ vMxiMm. grotftb reaobad at 72 )u»« of iaaiil»ati<m 
ahoiifincr 45*33f'i 65«33!r^ t 73«66'/^ t BU3>/^  and 84*(K:|4 tnurndttanaa 
in tliB mapeotive o(»ieontmtiQiia (Plist 39 I: S^abJLa 40«44)« 
45 
XkSS Bhoirad rnXLH liaetMcloiaal prDpertlw on J*fliliQK* 
!S!b0 snivtb in alX oonoentxatlQiia of 0!D£ wem cKmpoatiwl^ Mtoli 
}KllEt»r« Af t«r InaoulAiticn grcwHi use meli olov and i t ««M 
xw«li0d BBxiaai mOjr after 84 hm* of iooiOMtioai i^oniiig 
51*0(^t 63«OC9(, 41»t69^ t 54*66^ »d S2*99!li tnu»i^t^in«« ie 
D«^« 0«2^, 0*3f^ f 0*41^  « ^ 0*9^ 00moiitratiO3» wmm^ti'mH^* 
fbs txao^Bittfiiiee In aitfevmt iKmeeiitmti^w at taarioiaa t ia is 
axe preamtaa in fig« 40 ft l^ aliXa 40HH* 
AU. inaeotioiAaB ahowd tbiir battaTieitfal aottoo m 
Ji*Jlttlaii« ^^^^^ azmmatat oalaiua axawata and aeAitn flwaeiiU 
wxn foma hi03l9 affaatite «bil« WQ aoA mn wHmm fmrnA t9 
ham aodamte ItootariaiAaS. pxtipar^aa* 
wmwemnx m "frnmm ommsmmm ytmmam 
em mm, tmfimm am flUHM^flffllf 1 | liiiffi" 9mm& 
mmmim mam m WKmimm wmsm wmt 
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46 
fte «9Bliloiiti iMfA&^&A team iiiBeet«gBrottoai8 troatsfl 
mth ^mfiam ooBoootrntloaB ef dUtmtmt flbtaieojbi (In j l i s ) 
W9m txaaaferxvd Intii nntriiot l»rofti isSkm find ineidmtod at 
5<^1*0* Aflmr 24 lira* tlw gztMrtH of trtatod i^rililoiits «ei*t 
Qiasuxod In poxnoiitagt tvansaittaiiw and ^ils grovtli V»EI 
ofKBTaaeva «ltli Hist of oontrel. aa m i l em otlieip ooaoeDtmtiQns 
of oteoloal f•« to ^19 iaB0ots« 
J^Aflilfilai vwrtA on dlffweent ooBo«a%»tlm» of 
TitHBiiiOf W9sn boal'^ ana floiizlaliad wi^ Xatg§ popiOatiOB* 
TfoMQ TitiiBlas slflBifloaDtlsr faipoavad tho grmth of tlila laooot 
aa mil m Itialr 90bimiit9» 
TbQ crofiai of i^o«ta!»l lorafeioota of inaaota rearad 
on ^tfliilii B|2 9t>a ooDflaaDt in aaeh geoeiratioB aluwlng 
96»00^, 26*39^ and 26*OQ^  tramalttaooa la 0*009^ aonoaatxatioc 
of vitmiD* Ja 0»S^ iritfmta traoiiiittQooo iraa 54«0Q f^ 24«0Q^ 
ana 22*0Q^ in raapeotlw genamtitm {'^LSS^ A3)» 
Titaain B««oBBfll«s @ai alao tmmmible for tbe c^oifth 
of m^wtmal a i^isiOQto* !?h© agi^ lODta traatad vfith 0«00S^ '} 
irltanin almiad 34«66^ »^ 2C)*0Q^ ^ and 24*0Q^ '> traosQlttoDoa in 
47 
f i t f2 itmmt&cma vmvwti^nlljf* tfliiX«M the gxortti In 0*9^ 
ooDotnteatlQn worn hligtmr M rtprostntcd %gr 92t00|(9 25*0Q^ aii& 
2l*0(|i tvaosnlttQOM la x«ap»Qtit« gentztttlooi (faliXc 46}* 
Oxovtli ^^nflftlttig In irttodn o «h0»ta $9*OQ^ ff 27*6696 
and 26*6^ tnHMndttaaM io flftZ and fS (^Mvatiens i*»a9totlv«i3r 
in 0*CKH|( eoBoentroUfio* ihile i t na* 5t*00|^ f 2$*OC^  aid 21 •(K9^  
in 0«S9( vitaato 0 in f1»f2 and f? fiaevation xvapeetitvly 
C^ b^Xa 47} • 
In ease of Htaada K tlie pvzoent tmnsaittaBoa vaa 
34«0Qi(y !iO»OC9^  and 26*00 jpespeetivt]^ in 71972 end 79 gBnezo/* 
tioDB irti8B ii^ MetB «0x« f0az«d nn OtOOiC eonotntzatioii* SB 
i t s Q»% am trananittaBoo mm 92»0Q t^ ^•009^ and 22*99J& in 
tbt 3»8paetiw gfimre^Umm (S^ idiia 48 )• 
tbt groath of ^»yAtili^ inel«nifiaantly* 9^ )IB groatli o£ 
qoroattnaal baotaria tn 0«(X^ of tliia iritaala aaa vaprwantad 
Ijgr 40*0G^ « SStOC^ i and 33*(^ tranaoittaaoa in 71,72 and 75 
ssenaratioiis r^ptati'valar* ta 0*9^ aaneantratioBa tt» grortli 
«a8 moozdad bgr 96«0C|if 94«O0!^  and 29*OC9i txaoMiittaiioa xasTao^ 
tiiii3gr (^ c^ bla 49}« 
Moat affaotim Titaalna aasa titasdUi U^^t iritei«bi 
B*«CKisOLax and TitaaiB 0 foSUaaad ^ iritaalB K and s ta s ia 1^ 
48 
2* ,MiB^ fflTO 
Wtmn the toMot mand on iBrlfloa Xov dosagMi 0f 
sniaLjIia dn)0i for tiwm onootmlw giwxstionst it« oyAionto 
vmm hagay affootod \m% the Ampi falXod to oliaiiiftto tht« 
totaUy* Bosigr aortalii^ aa welX aa Xooa ia anltiiaioatlea 
potoBtiaX QC ayiA»ioiita oomirvtd lihan tht oooooatzatioiM of 
amshaaoMlAi xwidazod a@uPiBid iBhlliitoxy aotlon and 
t h i » tiaa 69*oq f^ 60«oq^ and 88*00^ groath of aarHblOBta in 
tvananlttaitoa la tlw xaapootiw ft^fa and f? ftoimtion of 
M*MSBtaiM vvAVid on 0*009ll( oooeaotiatioaa of Biil9iiaeOBl4a« 
It m» found that highiv ooooantxtttiona of auXshaaoalAa 
produoad s<e3AUvo2y gMatep liMhitioo in grovth asoapt 0«l^ 
f^iiob raooxdad TOft 88{^  and 86^ txanasittaooa in raapae i^pa 
?1|72 and I? ^toexationa* «ihila at higbaot e<Mio«ntrati(ii 
COtSI^ ) of thia dzug Hie tmnaaittaaoa »aa 90*0G »^ 90»oq4 and 
99*00|£ in VlfTa and ?9 genezatioa zaapaatitalar (Sahla *K})* 
Za oiilpha dia^aa fad iaaaataf the growth o£ ayidbionta 
use 3%§ W m^ 69^ In tmaraittaaea at 0*009^ aonoontxution 
in the reapeotiw ienerationiaad ita affaotifraaaa imnwaaad 
ffith hln i^ar ooooentxationa leading to 909&f 92^ and 99f oonoMi* 
^•ation infitVZ and 19 geaerationa rwipaotifaly* Xt ia 
inteviating to note Hint thara aaa aigDifiwintlsr lea growth 
49 
a^ Q0^ omomtmUm i^ iiB TIfit BQ^  aod 00^ temmaittmm « M 
x«oord«d* Sstaila of gr«rtli in ptroentaAs txairndtlaao* at 
4iffox«nt oooemitratiaoBi nortalitgr aoA sunrffal. in a l l thrM 
^noxatiflos a«a giwn ia tsStiiM {$%)• 
la oaaa of aulpliatlilOBa^ tvaatad a^ioDtat 1 ^ 
groath saaeliad upto 55 t^ 60^ aod fS^ tzananlttaaos la 0»009( 
ooaoentmtiaa tn F1»f2 and F9 otBavatloaa i«apa«ttiPtljr« Z^ 
iahibltozar aaftion laozaaaad witli tlis taJU^r ooBaaotratioaa«iv^e 
gzoath of tMa asfsA i^oata dzoypad as oliaarvid by 99(» 919^  aad 
f9«$6f& txaawaittoiim Sa aaeoaaatw ^taazatioBa of iBMOte 
apoaxad oa 0*9& ooaaeBtmtioa (to^ l^a !S)» 
•iignifioast gToatli aae aotSaad la tlai a^ aA l^oeta firaa 
tti8 Inoaota reaxed oa O^OO'Sf eoao^tzatioa «f aalitiamttiMBMWla 
wtttk 60^9 7G^  aad 77!^  tzaaenaittaBoa aftar 24 ten* of iaaufbatioa* 
fbe grovtli aaa highljr xatavdad la l i i ^ r aoaoiatvatiQaa* Za 
0*9i Qonoaatzation ttm pexoaat tz^aaaaittaBoa aaa 91^ 9 9B^ aad 
99^ zaapeetiwSjr (^iibla 59) t ia aoaoaaalTa iaaaxatiana* 
Paatldaolpbaa aaa fooad to ba Xeaat effaatiipa* Za 
0*005^ ooBO«itratloo iSsm tranaaittanoa of ogniiiQDta gror^ 
aaza xeoozdad WH 79^ ^^ ^ raaptotitalar ia PlfFa aad F9 
g9D0ziitioa9* Wbila ia 0*S^ eoaoaatvatiflii tb» traaanittaaoa 
aaa saeorded 90^ 9 90^ and 961& nUsitk expiaaa Xoaar grovHi of 
t!i0 ayaliioata* Betatla of effaetimiaaaa of diffaraat iHNio«e«" 
tmtioaa of thia ohesl^l i s auoatxlaad la Saibla (94)* 
50 
'itmv mm ooopaxAti'Vtljr Mgbtr aorta2JLt^  of •jribtOBts 
in f1|f2 and F3 gsotratifleo io ooi^ aarisoii to 91 genomtioB* 
Tim oii3Litiao(»KU«t aalphadlartiw and AtdLi^ tliio«oX« «oi« found 
%o l>o MI#Ay offooti've ffhULo svdLsliBattlHaBMitiLo and SMiMdaulBfettB 
f o(U4W»d th^a* 
ftMl of foot of diffOWBt Ottti^ iOtSOO Oil tllO illBOOt OBd 
i t s w^tm^oml o^^loii^ warn ooowood dmlag ^lio UoatooQr* 
S!» Qr«i»lontB txoAted witb 0«00S9^  eoiiooiitrfttioii of 
gentai^oiii shonod tint tlx> gzwrth wm m hi0x m goyroooatod 
Iqr W tmnoBittanoo* But In silbaoq(iMBt «MMimtloiio It 
doextaaodf loodiiig to f9»00^ taniBBalt^uiot in tliixd geBez«itioi}« 
Ttm M f^ciMt dootmotieo of iriablXltjr of Htm sji^loiita oeonsvod 
in Qw% ooiieoi!tx«tloBi9 lOmm tlw tratHndttaiioo mm rooovdod 
9S f^ 99^ and 99«SI^  in ftfl^ «id 13 ftaomtiOBs xoopootifoly* 
^lillO|tDo liomv ooQooBtmtloDs irlAtULilgr of asndiimits viao 
affootod xolati'voljr aeeordSag to tho dogroo of ooooootratiom 
PinloiUio was auob offaotlwt tb» aymumia of ^ilo 
ioooota tz«at»d tiith 0*009( oonoontratioa is aiteooaaiw etoe* 
vationot ^it traoBBittaiHio Has %f9 Bi^ and 62^9 ihiUo in 
ita hW»&% oonotstxiatiflii (0*9^) i t ahowd ftobia giovl^ 
51 
3n»pswMiit«a ligr 9i^f 99^ «BA 99*S^ tnuamlttaiiet in 71»l^ and 19 
eeotzatlflos x«0P»otlw2ar« 3^ VMt of tlie domwatxatieiis ^i» 
groir&ii ma inltilii^ai oigiiiirioantaL;ir ftt hUSn QOiiMiitmtioiH 
(labXe 96)* 
BwrtellUii predUMdl oEkrleid laliibitovsr influtiHSt in 
Its b i i^r cMMEXNiii'tiatiUiiiB* TISB gffovtli of osviiioiito fzm 
iwoeto zooxod on 0«% oommntmtttm ahowd 9Q^ « 99^ and 99^ 
troaoBittanoo viiiilo in 0*009^ oonooQtifatloiio tfao growtli was 
rathsr thlek loading to 4G^ » 50^ and 56$& tamanattMBoo lo 
suoosssiw fftmmtimm (rifT^ and f9)« )^ flioo ^» ooBoeatf«tioo 
ot doxiolllio sao inoxoasod tlit growtii of iQrribSsiits doexoasod 
aoQOxdlng}^  $m a l l gsmxtttloiis (?a«blo 87) • 
Aqplollllii was ooQpazattvoly loast of £totiw munm al l 
ontibiotioB iaooi'pora.tod* It pae*oditood 40P^ ff 49^ and 90^ trasis-
sdttaaoo of ijsrribioiits In flffs asd 19 gBoorstioiw xvspootlfolar 
in inaoots zosxod on 0*009^ ai^iollliB* tbilo tlio loast grmtb, 
wm aotlood In 0«9^ eoooBotmldlooaf loading th» txanmittaoeo 
to 94^ 9 9S^ and 9 ¥ In f 1*72 and n «i»z»;liooa« For otter 
Qonoootmtiooa ztanglng tetaoen 0»009«0*9^ dotaUs about ttelr 
effeota on opsblonta tlaibllilgr baa teen glmn in SalOs 9Bt 
fte aost of fOetito aotUilotiea mve aantaeoreln and 
aao^doillin f aUoood %gr doocioillint penloiUin aa& aoRploillin* 
AMndoUlto affooted aost of tte alorooTriblonto in ita tdeHmr 
52 
duoogMi ]«adiiis to 99«S6y6 txonaslttaadQ siioffltig poor gron^ 
of w^iumtB in 75 ftenomtion* Iktm the ti^Xo i t oon Iw sfaOND 
tbat OepoptilatiaD of i^ydiloiito ia aooo doptoAMit CSaU« 99)* 
ImeelAaiAmt h9im toiliHi av« apt to poison tim lioot 
ao «e3JL ao ojnAiioiitOi QiloiiMa axmnato, WS:$ BBOf ImoA aaim»to 
ana Softiira flonri&o w&m adntniotoxod ovaUjr anA tootod JA jcbBI* 
OaloiBis aiwoiiats itionod liaetorieiial aotimi* Tim 
gremttk of oarribioota of ^Jmt&lAfii of f 1092 and f% ^ maxatifliuit 
in 0*009^ otaeiaioal mo wdXl z«eoritod h^ 66^» &Tf and 77^ txano* 
laittoaoo x«apeetii»3;r* ^ 0«S|» oalelua azwoiiatot tba tranaai* 
ttanoo was z^ soovAoa as 90|^ t 92^ and 9^t abovlBg poor gpravth 
of tba asiribioata* iJttails of aaaoasuBat am giimo i s taiULa 60* 
Wf£ ahowd h i # l»aotaxloldaI aotion* la 0*009^ ooooaa* 
tamtioD the txsuisoittaiHia iiaa raocurded 67^, 76^ and 6^ io f i t 
12 and ?5 gBOdXAtioas yaapaoti^ vaSjf iMXa in tl» oaaa of 0*9K 
oODoentiutioOi tbe tjsna&dttaoea naa 99 t^ 9*^ aod 99S^  in tlw 
Bueoasaiw genaxationa* iliaxa 8iaa unuaual low tnuunaittaDea 
wiiloh iiaa oliaarfod due to unteiOMi raaaon in 0»0% in f 1 fliaaxa«> 
tiOQ pjpQduoing mily 67$& ta?anaaittaooo (fawia 61)» 
53 
wo offffottA tim groir^ of aorMtomX ^arribtwta of 
M»ASKkAm eooBldoxBibajr* <lvo«th of ttimt ogriitiMto u}»mA 
3^$ 59^ and 5 ¥ tzaiioait1»iioo in 71 §12 aad 29 0tiioz«tioB 
anwsooti'Vilyf f^lmi muod on 0»QQI9^ oooooiitzatlMU fiio 
tmoBiaittaiMit in 0«9^ ooeoontiatloii of BffiS imi 9B«9^ » 96*9^ 
ana 99!^  in ?t|72 and ?3 prntvatioas foopoetiwijr {^e^9 62)* 
ftoo s^riAiiOQts faroa idm psooont iasoot traatoA ttltli 
1mA azoona^ la 0«00!9||( eon^iitmtioii mhomA olpiif loaoftXar 
wamvomutA ffpmtk nhO0iag 69^» ^ moA 'SB^ tranoaittaiioo io 
tli9 ottoeoasite genexatioi^* Suspreasloo of groivth of mytibiMtm 
IB 0*5^ ohestbol tsas of l i l ^ 4egroe aluwiiig 99^* 989^  and 991^  
tracoaittanoe in F1t72 and S9 g^nezutiona r«apaotiftaLy (S^ abXo 63)« 
Ttsa gronrth of f^8i>iont8 £raB the Inaeots roaroA at 0* 
BOdinci floorldei mB xattoar thiok shosrisg 67!^ , 69^ and 66^ 
traaBaittanoe ia ouooosai've ^gBtrnvatime nbsxeas lii 0»^ oOMtB* 
tmtioot tha traaanitt&iiiea wao xooozdad as 99^ « 99^ and 99$^  
aequentiiOa^ in F1,f2 and ^ genamtiooo (1'eld.o 64 )• 
Aamg tlws€ oaloitn axooaate, mf£ and 3W wosv foond to 
tie hi^sSi^ effeotivoi felloviod )a^ lead aneenate and aodiia 
flouriOB* All theae ahoved both inaeotioidaX as velXjliaateri-* 
eidal properties siDoe timy vedtioed the vial^ilil^ of i^jniiiotie 
twQtoria and oaiised aigoif ieaot aortalitjr saaang ineeeto* 
54 
jmmmMmB 
diet of •^ippanari^ nff sboved fXoiiriiAiliig poptOatloii* Sark 
(KOoiamtioiit snliaiiotd fsottnAllar ma ra^wr fast OaiwXopBesit 
was Botii^a in aaoli gtatration of in^mta* 
Xa iritaalii B^ ^ ^ » gvoirlli of nsreotoiKa ^riiiloiite 
vooozdod in Fiyl^ and F9 i^saratlrao «aa xaprosoiitad bj 59«$C t^ 
?6*0Q^ and a6*oq^ traoaalttiiaeo in 0»(X^ o<»io«DtvatiQaB* 
Hotfrvox*! alioD Urn oonoaatmtioii wm imremmAt Hblok e?m%h 
ma 2«eo2dod» Zn 0*9^ of tide iritaiaiii tbt growHi wm 94*00^» 
26•00 and 22»(^ in tztiomitteiQBo in napeetiiKi ganera^om 
(SaliXe 65)» 
In Titaoia B-tmoHox treatod inaeota, tbe nBToatoiaaa. 
apiiionta ahooad 96tOQ^ « •^OQj^  and 26•OQ^  traoaaittaBea in 
•uoe^aiiw gonavQiioaa* »/bazaaa tbi groirtai in 0«9^ oooean* 
trntioo «aa x«9Vo«ontad 1^ 94«00^t 24*669( and 22*00}^  tasanaid-
litaaea in flyfa laid 25 funBirationa (Sai>la 66}* 
ajnblonta alao ahoftad aigaifioan t u^MiaM in tbiir ooltiiOi-* 
oat l^ . In 0»005J6 oonowtxatioaB in both oaaaa tHa «ro«fth vaa 
0») 
rniUmxtly 35*00^9 90*93 t^ 27«9^ and 98.00$(9 93*OC9(» 27«0q^ 
t2Qi»iaittai»0 rt6p«eti^ Nkl7t nliil« in 0*9& of l io^ TltaraliMi 
BultiplSoatlaB vaa bi|^ lAKMiiiig 94*669^ 9 ^vST^* 3*931^ and 
%»QOj^f 91«0Q t^ 27*99^ tvaoofldttaiioa in F1»Y2 and 19 p^ iiMrai^  
tima xvspteti^rtly (fabl« 67"<60)» 
fhtre was l l t t l s obangt in tlw btteTionr of *^ w 
agrottoiaBl syiiiloati fyaa t ^ iaaaot zwavBd 00 tltaaiB ^« 
£s 0»009K oflmcQtratlon ths grcwth fron •aeh ftotrntiOB warn 
T9Q0xQm& bgr 99*0G f^ 9S«00|^ « 99*00j& transaittaiio** «liil« In 
0*9^ ooi^ tfnlaRitioii tbt gfinrth vaa avidaiit %^ 98*0C|&9 94«0Q^ 
and 91*00 tvaaaaittaaaa lo 71tl^ and f9 fSMsarmttoae vaapae* 
Hfily (TfliiXa 69)* 
Hi^Uy faiKNmblfi fitaiitoa «wz« Tltanla B|2 and 
iritaoUi B««Qa^x f ^ Uovad ^ titaalii 0 and vitaatn K «t»rt-
as *vitafldii Bg failad to Kttrll>uta anar slgBtfloant affaot 
(Saiaa 69)* 
TtiB aulstia dni0i «iz« found to Iw Millar affaotliw 
^wn tl»y niva oroUy adsiaia-loaNid tttrougli artifielal dittit 
inoorpomttd in diffarant oonoontmtioai* 
Ttaa groirth of ayiiiionta in enlpliBaatlMamaola of 0»( 
^matnnt gxn 99^ f 60^ and 61f^  tranaaittefloa and 999^ f 99«9f^  
and 99*6 €|^  in 0»% tzoatoint in PI #72 and 19 gaoaratioo* Ofar 
56 
%% mmmTimd iA i^ alOA 70* 
iiyObim^ tToa tim $jam9'^ tzMittd wittk 0«00S^ of 
eraOLsliadlailiit stioneA tm^Xe growth villi 60!^ 9 61^ «ad 62^ txaiui* 
altt^oiM In the vtrnm^tLm gtmrtktimm* Itm grovHi #08 BtoHctdOLar 
lnl]ia»it«d in 0*S^ ooneaatmtioii gitiag 90 f^ 99!^  and 9!l?^  trsuB* 
aittaao* io s ^ i o o t s f^ ran iassoti of PlyTZ aod F3 goooratlcsis 
2^ 1it EultixaiofttioB potootiai of tim igriii>iotito (fi^j^liai) 
wao alBO rodtiood sigBifiooatly in pentidaiil]^ias« fto grovth 
of s;/al7ioiit8 of inseoto treated with 0«CK}9& ooneentratioo vas 
exprooaod Y^sr 7QI^ » 70^ ai^ 72^ traoanittanoe i^ liiXe i t booaai 
99S^ y 99^ and 99*5I^  traooBittanoe alian eoooentztttioB HOB ioeseaseA 
to 0«SI^ « Detaila of gmvtb in ottor treatmnt in ai l ^ivae 
gamimHoiH am praaentaA in a Saliia 72* 
^hB groirtli of ^riliionta tzvfttad witli 0*009( of 
SQXpbaaQolda «aa m&six^A ti^f S^« ¥^ m^ A% tsnoaaittBnoo 
swapeoti'VQiy in F1,F2 and Wi genaztttions* fvaettmv the egri^ iQBta 
shoiiod 99 f^ 96^ and 99^ ^ranaBdttanoe in 0»% trtatmnt 
{fabla 75}• 
Sbs natiiilioatioc of ^riiiionto warn ooaooffatiipeiy bigli 
in anlpkiattiioaela aaong ai l aul^ nadrqga* It van w^amx 1^ 3%$ 
56# and 4 ^ traoaaittaaee in F1»72 and 29 g«nox»tiooa in 0*( 
tveatBMtf aliile i t wm mooxded 97^t 99^ and 991^^ in 0*% 
tvoatBint (SeibXe 74) • 
57 
diasiiMt ptntSdaali^iis folloMd by malpiiammUm mod md$hB^ 
Tbs Byslbioiiti of ^-gnBirtUB sbOMd a»lna misMiptl* 
lilXitgr to Tazloua ootlbiotSoo in dl£f««iiit ottaoeiitzatloiis ^6ma 
tbo ioooott «ere mamd on artlfiolaX di«t ooataiaiiiiB irarioa* 
eonoontmtloni of didCftraitt antililotlaw* 
DoxioUlia zvduooa «w ttabUltar of «;^iooti , whioli 
sbomd 61^ « 6^ ^ and 62^ trannaittaiioo in F1,S^ aad f? 
tiooti of ioaeoti m&g^A on 0*009^ oonosotamtioii* III tibo 
Insdots t2«at0d uliai 0*9& oonoontratlon tli6 sydilonti obovta 
poor grotfth with 96^t 96^ and 9i(^  traQsilttaiieo In tht oon* 
sooutlw geotxatiooa* Sttaila of z«at of Hm ooneootratiODSt 
aad tbiir offoot oo o^^ionts i s giiwn in felblt 75* 
In as^idoti froa tostota fed «rllli 0*009( ooooeotm-
tlOD of oaoacioilliiijif^f 44!^  and 4*1^  trananlttaooo waa raoordtd* 
utmmBB ij!i sysiiioiite of isiaeeta txvattd wltli 0*9^ anoxioiXIin 
the tmrmmittmw mm iiatad aa 979if WH^ and 99^ « fba v i ^ i -
11*^ of aysftionta aaa affaetad aoiv VIMHI tha oomantratlODa 
nafo Inofaaaad (falblM %)• 
^aim auppz^aaioe of groaHi of ayrttloeta of inaeoti 
tsaatad with 0*00!^ amtasi^iii waa rooordad oa 4tf^ t 61S^  and 
trooaoittaaoa* SvaoaaGittaooa waa 99^, 99^ and 99*^  
o 8 
limi aooMOtmtioii was iaoxaaMd to 0»S^ i^tSBUMl?) •hOM tin 
mttwt of dlffixvnt oonotutratioQa and IndioatM Urn oQ^ f^lap»» 
ttm Boooust of Bystiaaim TiabiXi^ {ttSblm 77)* 
^I9lell3iii xvtaanSad tlit semth slpiif l^iotly I^ OWIBK 
to 6S!^ y 6 ^ ma& 69^ tz«D«atttaiiiM in 0»00S^ oliiMoaXy It aoi 
SlS^ t 9Tf 9m 9B^ %mamittmm in 0*9^ of lAiis antiblotiM 
alioisliig poor iriabill^ of sgri^loiiti {twlblM 78)* 
P«sioilllii «as ooapE x^atlifelsr loos of £Botiw tban otbnr 
astlMotlos against tlis os^loB'te ^ Ik*MSiBttS$M* ^^ produosA 
3'S^§ S^ ana 9 ^ traoRBlttaoos in 0»009l& oeDeentmtioa of IMs 
antiblotio «mex«as lo 0*9[i^  treatoent i t was 94^ y 94^ sed 98^ 
txaowBittiaDoo in aueesssiw geoemtioos (Table 79)* 
SoxioilXitit aaoytftllJIn aM gsBtaoQroia wBsit twM lii^^^r 
affootivs wbile aiSipioilXiQ and peoielLXin wore ooderate in 
tiisir aotioo* 
Sbs liaoterioidal aotion of different ioacotieiaeB wm 
•ignifioiMit on ioseot as well, as i t s sy^ioots and also AiadUii** 
aMng tbe oapaoitgr of anltiplioati(» by ssrdbionts* 
TM§ Showed saxlcsd inMbitoaey and lettiel of feet on 
i^ riiiiOBts prodiioiQg $9l$t S(9^  and 61^ traosBittBiioe irtiea inaeets 
wars troatod with 0*00S^ oonoeotratioB io F1»]f2 and 19 genera^ 
tiona zospeetivalsr* Its fur^isr txaasait^iiioeiwtre raeorfted 
59 
em W^9 99^ and 991^  ta taw omiMmiiiw samixeMmm mmmi. at 
Wa also aff««t«a tlie irlalillltgr sm& inHiotvi aorlaXi'^ 
§^f 96^ Old 5 ^ InaasBl'ltasoa in 0»S^ lAilXa tlw iriiibll.iti' 
ims ipiadiiaSljr &«oz««Mi Xaodiiig ^» -^wnsslttQao* as Mgh 
as 9 ^ , 96^ and 99^ i s 0*9^ ^Matasat 9i WO^ BsnAt for tim 
mat of o<ii}e3atxEliio83 aa?® mmmxUM in Salils (dt)« 
ti» i^iriiioiits o£ InwA mmmmt^ treats^ insaets proAnosA 
W f 69^ audi W txmmmXtimm in QmOQ% Qm^matrntiim itailM 
i t stiQ^d Tfff ^ and 98^ in i t s Mutest Aomm iO»%) aspsUsd 
m ttm inaaota (l^ i^SOa 82)* 
QaXoiis asBaoatSf i ^ a 0mm ia 0»OOS^ t s^mltaft ia ^$ 
^i aod S # tmmaitlia&oe o£ aiiiiiOBta iKatisa.ioatiQo* In 0*% 
tm&tmn% ^» power of imdJl£aj»tioB of sjiA»idntB «aa gr^tl^ 
iii^aiz«d ana 1 ^ rf^ oos«e& traimiittaDoii i^s ^f 99^ aad 99^ 
ia f l y ^ aaa f!^  geserationa rmpeoti^wljf (llflbla ^)« 
$lia txmmAttmmo wm 60^| 60^ and 6lsl reoor&od firon His 
s^ iiMimtB ia€£Lat®il fr<»3 th# ^laaots troatsd wiiit 0«POSI^  aoditai 
fXoiirid@* 't^ !i@ 9ttmtimmm of ISiis ohaaioal was iaoraaMd vitti 
tlii (»ao@ntrati<m laadiag to ^^ ^ aM 9^ traaaaittsya^ o£ 
spliitxita from ?1t?2 and ?5 geoaration resptotiva i» 0*S^ 
e»tttrati<« C a^^ le 84)* 
ffm wmsit 9itm%im baot^rioldal proparti' «aa mhom W 
HSf l ^ p %ms& azsaoata te^lmmA %gr oaloiiia azaeoata aad 
sodtlm ^onride* 
t^mltl » 1 GO 
Hose of liott (DPMItllt 
«Man««m*iMMMMiMa 
SOSBAB JBiUS^ a^Xk» 
JItlfiaiBCllli J M A I S S B ^ « 
llllOTfttt^ ffanflac^ It* 
9rYf*1f*^ ^^ ff tlTWTrttlfl ^Nbr» 
j ^ a i ^ ^jj^fltflE^il'ti^ ooQ* 
liBflt flfliiiiiyllaa ^ ^ 
iMflltffiPtinn 1 " ^ * * ^ ^ 2ooaa 
?T^?M _t«rai!lilft ^elik* 
jMifflfMHi f^Lvp^i^a £«t&« 
Jbcsm j t tSi l f l i i ^^ ucui* 
j^ paiyjooapgi^  ^lyf^^iyy It* 
^dlASDilS JKdl^Qi ^* 
jyUillft jBSinlaUs ^* 
l^ptooy i j p ^yyiaagm^i f« 
jKEflSEttSli I S i i t t I^Qb^ 
f^^jsnlttf liBiffffHiff f f i i ^ ^ Begsw* 
IcMs JMUsiRfiaii ^* 
( • ) 
(•) 
( • ) 
( • ) 
( • ) 
( - ) 
C-) 
( • ) 
( • ) 
( • ) 
( • ) 
( • ) 
( • ) 
< • ) 
( - > 
( • ) 
( • ) 
IfrwKfflWMi 
l^ 'OtftOOJ t^NMI 











* ' W W B W W " "iPiflif (J((H|[^ Bw W 
iW>l t«» l« l l»»*»»MWI««Wt» l l lWI« l« l l l l »»WI^^ 

























^ l i^ or «^ Bollw ir«fiiil 
63 
mmmmmmimmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm^ 
w fll^klMllAt 4.JMMM 
BlfhBhBiiiiOfil I «wiiiiiiii Ml ii^iMlAiWHi 
liMlfllt pcofinellixi 
* ^ - > " ^ 









iaty«i« t w t 
a«taii8 U/^pmtmt%m 
A • A^A 9 « 



























R i X i ^ ^ ^ ^ R 
S S K f t ^ ^ t P P R 
R S & g e s i a s t i i 
K X R R S i P S P R 
K X R t i a y s p ; ; 
64 
I t 
8 » p # 
^ J I I { 
I ^ ^ ^ I 
IJ|» 
J|. I E I 
1 
I I I i I 
65 
M I g ^ P wmft OP o»i^ Qmmmixmmi m Dirm^EWx TBAMBJ OH SHE 
mi<mn m mojum mmmu mMMMB ^'^MiSS^MMMSWM 







• • • l^^^HMPJH *^^^'0P 
fifaiaSii % 
t i t a i t e B tonv&wi 
ntaaSa 0 








m^m 29*68 s '^Sl 
$B*n n*rf * 3*25 
6S.f? 1S*f9 ji ••I6 
i7*aB H*02 s 3*n 
%,m ii»»T jt 3*n 
|WtW»»IIIM»«»»»»M»»»>'««««lWII«l»«»i»»li«ni«i !>! Ml m W H I — i m w X I M I W I W m II B m n M W — " " I i>iwili«ll»»»ll»WI«IMWWI«W>»»«»'»l«l»«W«»IW'«»M»""IW»«'""^^ 
1» «- Ob««[*vati(iii ptrlod <M44 !»«• 
4 «* ObiMn^ mtioBs ««s« taHiii til tlm in^tnttl of 12 ism* 
^*<WBlp^PJrW IB^IWIP^WWw wHn^p^pwII iBWW^P "1^^WWP»# Wfcft* IP^pw wr AvH fl^^ ^jpw 
66 
m'Mm af msmasn msmmt2 umjstD mm ipj^iE^H^ M^^k 
^* Mtm of Titaata MMB 
1. fttsmin B|2 824«6t 5S*tO 22*00 g "Uai 
2* n t « i | i i % 100?»62 71*97 0*99 J^!l*74 
9* U%mlnl^ WKfEiSjm S?8»97 S2*78 19*H ;t 4*QI 
4* ntdalii 0 S»*96 69*11 19*94 ^ 4*26 
9* titiwIiiE e9i»49 61*98 19*16 ^4*09 
6* CeBtaKft 1077.99 75*99 11*87 ^ 9*17 
67 
^mm • ? 
^mmm or BAOIHP3 fist^Htis xsoti^^xi *^ -^^  .MliffiTffilft 
W W III* t m III lir«illl»l«»,MIIWII|lll«MII»l«»t»«W«eai»«»»«|»l»ll»rM>W»illttll|l » HHrlllll I II »lll 
m. 
1* fitaialii B|2 
w 
758.48 U*rt »I.5T • i&^ W 
tB*\% 6 t t ^ I4«1T i 5«tB 
18S*79 96»«t 20*92 ;t 9*48 
mi^2 61*25 IS* 16 i;4*92 
BitIO 94* IS 19*92 1 ^ 21 
1077.99 7 .^99 11*87 J: 9.17 
mmmmmmmiMm lWlw*pwlWWIWMiWH*« <llllWHHr^l1WI|> III' h l«'llMWI III I IIIMII— 
68 
M33SMQ ^^fsmi or 0*4^  cmmm^'Mxm or i)immm ^MMOS^ m ms 
oioHffE m ^mtmi^ mmtsm mmmm m^W^^^Ok jo^^lsA 
••Miw m<iim4m"m»*m0" \mm**m.--"*-'-*-mt*«ihim'M»^^- > 
i^lt is&m a£ TitaaSu 
4MMMIMIMI oiU'Wiii^L'W %1'WwmMNi. •iiiii»t«Wiiw».waiit>Niiww*W"<i»pi«»u«»*t«oiiii»»ii*iw^ 
1* f itanin Bi^ 
2* t l taa le % 






f?«4t f^«at j£ 5.51 
^•a4 19.71 s 5.2t 
V6.99 ii.«r7 s 5. I t 
|>i«W)WlnM*ii>1>i—ilM<|Niii»ll«iliW|Militii iWUBiiii-Wiim 'i i||»il^|IWI«)iM>i. mmmmiitmm '•utinii-^  
69 
^mm • f 
miomu m mDmmn ^mmm mmMm mm 
itmm 
^ * Warn nf tit@@lM folfl 
imm ll#>WI»»»—»lll».»l!*| '." • ll1»'«BW»llHt»|lll»|lll*l|l| 
I* ? i t i i i ^ B. %2 
2* f itsBito % 
mi*n 
m*^2 mm m»3% 14*89 
f • V%%m$3ai i oocaslJK 44»@? f4»l6 JS ^•4$ 
4* iftlmatii e 50#!gl S »^20 ^ $• 
S4S»^ 
W ? * ^ 16*99 tl*ST g 5. IT 
jWjniiirrTWiwiiimfiBiiiiiinriinir'iir 1111(1 m l u i i i mi 'K. in i' m i m - a n T T ' T i i t i i - r - t • -w.ji(>iiMw«wMi8iiii*w»w'f<ii«iiwiwjiiiniiiiiMwwwiHiaiiBiiawnn^ttm.uf»-tw «'fc»»i»Pi*»^ih.,inmmimtmtm mmiwwwwii 
70 
^mm «»id 
MSSIB ws^^^ ^ ^t^ Gms^mmzm m litn^mm smmA mam m 
tm mmm or umtumi mmmm t^Msm fa«,^*' 


































; |6* l l i 
•iKwft ateoal ^imsk wm %^am wt^me $ tm— nC 
71 
fmm • ft 
MSOi wmn m o#2^  emmmrmim m sinraEa mmk mam m 
fHE mmmi m mmm^ mmum im^m^ mm g i ^ ^ p ^ ^mmm^ 
^^WplMWItl>Wfci<BW>iMlfcii<(|pwM^ ''«m>i'mii<tfgltlKmmmiimm$mmilt0lf*>ii^^ uh \im»m»m«miiniMm>ll' im mmm' mmmmmMmm^miim^-i«Mimi m.fmwmtl 
1* i^il^a^MoiiQla P9«6a 69«a 14*77 J 9*M 
t* Myg$ii«itliH»ai4« 9S$»2t 6d*tl lf«49 J 4«li 
S* d«il|lii iiai^Uw m^2 <3«(8 21*49 ^ 9*72 
4* B^i^mmmOM i^«9S 60*99 tl*04 S ^^^ 
f* P»slsttS«^ i^ faae S40«» 60«<^ 2t*$9 J^  3«74 
6. §m^P(^ mi*43 m*3i Sf*S2 •6*Sf 
|Mll»iii—iiniiiii»i»i 111! II "ir ' '"I '---T|-- -t-B"i—n iiTinrrniiinirrmri'" n i " —\ _ „ _ _ _ _ , „ „ . . • . , ,,.,., •-...•...„———^-.-ai 
72 
fMSB •» t2 
fim Qumm m mmms ^msmm t.m^m^ ^ ^ MMWSM JI^BWk 
.|(W>»»l«Wr»»l»l«>W»*«l«l«l|«MM«»«»l'«l»»''''l' Wll«li III limiliMWWIiXWIWUM 
4* mm&mmB &m*%% ^3*m f8«ii * 4*97 




<|MliN»l>l»««MW>rWWM«»MP«'««lWPIII"M»»>W»»M»ll»ll^^ illlii* III I^IWIM .iliiUMioiivMmi—niMimfiiil » Mil l i l n r M J I lull I 1 
a* SAa|!iiBi«tl»»i«aili 1(^*45 79*^ t$*99 1 V9& 
f* aiOjpiia AlMlM mum 63*i7 ««46 Jt 4*99 
3* Vms^9Amm»m 9C9*98 64«f7 I9«69 J; 9»29 
6t Cwtroi. a^.49 42«9I 29*62 J| 6. 
<||aBihM^M>lWWMW|>«i>MWWWia(<WW^^ • ii WaaWiWWW»WWWWMIWI>p<l><lMllinr»WiilJt |iMIW|WWMi*P<MW»>«<IMW|ii*iiMW«li>llil|ii • 'Wi I — W W — W i i H W i M f c . i II • 
74 
tmrn mu 




TSmm 9i 3iaili& drufi 
ttsmm 
1* aqigtwHitwwto 1029*20 t5.52 mSft Jb 5.lt 
j?* dH0ypl|MHii%l9H9nMldyi ficK^a 19*9f 10*01 ji 2*67 
K P ^ '•'WWBB^JPppipiW WknWWIIIpgmMIV 
4« amglwBq«tai 
S« BiillHNUiiAlbiS 
940«SS 67*16 ««49 J^ 4«!KS 
945*77 67*41 15*» J 4*27 
fl4*2S 66.75 16*75 14*47 
6* owitrtil 9!^*45 42*51 25*62 J 6*85 
mmtmmMmMmmim tlWIUfc'WHiftWrH 
75 
f4BE8 * 19 
tm momn OP ^mtLWs msn^ wm/^sm * » ^ MMWHWIM M^^^^k 
mmmmmmni" MMI w — » — n i m n m i m m n i • i iiijiiinniiw i iiniiiir • i . n i i n i w i x •» i n w w i mn • i 
nm I0#T7 J2#iT 
71*^ H*^ 15*12 
98«9B 29*4f J 6*iS 



















M g l ittooA l i i l ^ MS t«i»B iifl«p € tara. «f 
76 
fmM »n 
fBE OHOfffH QP BAonaga ^ r o p x s o p f i B ***<^ UBiyTOffB^ JMWUflBBA 






































tmm « ft 
fm momn m %mjmiB msmm imiMm mm^ims^i^ti^ ••I*. »*.f«*^ 









^HHUMk^K ^WH ^  • wt Mfe 





























tmm » n 
tm QMmm ^ nm^m mmmm mmMw wmm ^immmis^ P^^ 
of ifli^idiios f ifl«3l l ^ i i l ^ 






























j j !i»ii 
ir 2*fl 






tm mtmn m mowsaB mmum mm»mmi mm ffiggtsMi^ •'I*:.;, »•£>'». 






























M3MM s^^ vsios ci^  0*1}^  QomsMwetioBi cv BSPISHEK m^BocsDima oir 
tm mmm m mcmm mtna^ moumii mm ^y^ai^^Ts^ IfflglffI 
8o« 
• • M M 























1^  •• ObmrmUm meML 0*444 In** 
e •» QlMiKrmtioiw «•«• takva a» ^it la^rfAl «r 12 UK** 
•xotfl mioMi vltioli «B« taiwit aft*? 6 I B * * tf 
81 
fBE mmm m msmm^ &mmm msm^ mim pigomg^ ]opimm^ 
«•»•« 
f mia grovtti 



































wm mrnm m Mmwm$ mmnM tammm mm ^mmwmk ^^^fmmm^ 
« « M R •UMiMiaKMia 






























jfe f» i i 
Jt ••^i 
J 4#41 
j | S»tS 
^ 6 . 0 f 
83 
fmm • 0 












































wt osow® OP BAsmps mm^ xaatissD yjioii jgjggiisiaai 
S B W Qf f f i f i^ ^  ftl#tff' f ci'tiil iCfwrHi 









^^•^•Mll^B>-™^iiw ^••k^P^lRIH^W •WP 
Tijflft nmMWtlw 



























f JiECI! •» 29 
MSMSSt inmot m o«i^ emm^mAsam or nwnmm TIXAXXIIS OK SHE 
































ft wan of ttiSM fMidiii0i« 
% « GiMwrvfttlofi ptxiot 0«^ H4 IUM 








iMiio tsUMs ftt Hit jbrtMrval «C 12 lum* 
4 -





^ ^ I F W^^WI* ^9P* ^rw* ^HMB 


























XIBSI •• 2? 
IS YlgEQ £?1?®0S CF 0«1|( 0(lK}MfEifX(ll OT DXffSHHHf YISAMISi OH SHE 
« M 
g* HM9 Of ntW t^oS 
HtttaOM 
*mOB ll«SIV60r 
1« TitBHQiB B|2 
2* titassla 1^ 
5* IttasitaB 
S« ntaoiiiS 
151«65 1^ *25 29tt7 16.98 
$tO#t1 65*00 18.9B J 4«9S 
(05*61 ^•94 20*22 j ; 9*40 
671.f4 4T#99 26*?? 1 T*lf 
m§S3 57*54 25.1T J 6.If 




MS33M TS8i^^f <v o«4s£ Qimmmknm <» nmmmm VXSAMZSS m WB 
aim sIsMil^fli t^t^ ^Bf^ 4l^ KMiv'BMK 
«MM 
^^^W ^ f^^Pr I B ^ ' ^ TiPWr W P^W S 
iit^jBjRPflBIP 
1« fHaMSa B 2^ 
2* t l tmlB % 
9» Titands B flfflWDilMt; 







22*01 J $«88 
21*45 S 5»78 
22*01 ;^  5*88 
^r.S4 4J 7*47 
S9«67 J 6*32 





2* YfiMrtft 9^ 
4» Titaalfi 0 
T10#29 50.75 
22*80 J^  6*09 
20*50 J 5*48 
22#^ S 6*09 
^•^ ^ 7*70 
25*42 16*26 
OontrsSl 1027*80 75*41 12*86 <2£ 5*44 
90 
WBsas >»90 
SHE GHCM^  or mxssnaiaaQm mm zacsiAsss yaoii f igoi^iipg f f iw^ ra 
i««lMaMMIIPI»> 






























1 9 * 9 8 
li «* QI««r«fttioii pMTiofl 0*144 tarn* 
d ** 0lMirfftt4<MM 'Villi tAtaici ct ths InttyfaX oC 12 lum* 
•Mtp t MHraod «iii«b ma tatoa af l»i> S Insa* af 
ififlaDatiuQO* 
Va ^ ' • •P ^w^f iBia a»"^^a aP'i^^Ji^B'^ ^a^^^^awfc w^a ^wa^ •^^BP ^WW ^^ ^PW ~w*^^^^BBft w ^^^w^^a^a ^ 
ni 
tjmm «-5f 
smmjk msam m mi mmm or Btmcamoocm Mxama 
mmm* 
So* Btet of aiAiiiR ixmi 
3* BiotiAnayitas 
6* OQDIQPQQL 
89U12 69*6f li«69 j | 4*46 
94T»29 67*€6 14*74 1 5 « 9 I 
699«i0 S9*9S 17«49 ± 4*S6 
8H«29 9&»1S 17*88 s ^78 
805*15 57.36 18*51 Jt 5*1i 
mM 98*95 22*98 J; 9*98 
tMSm «»92 
JBI3XSSQ ^snm^ m ^•% oa»os8fB4fZOH m DsrfBBeis 
9 2 
'«•« 
31 mnff W^WWl •pjR-^WW wPft 
^ ^ EoM of SiOi^ Ai'^ii In ^ ^Sm^ p%ftB 
1* ^^illlP^JJMHflL'tt 






^ • 6 4 3e«I5 
14*40 S 5tW 
11*98 15*20 
16*99 1 4«4f 
« .»1 1 9*69 
16.48 Jl 4«40 




mmLk mm m fm mmm m mimwxi<mm Aiawa 
31* 
Ho* 
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Discussion 
iaseets are t : * i ^ l t l s j i s l l | r eDatmU-e^ by ebesicals aga l ip t 
wiidet'i tHey dm/ml9p& x^miMtrnQ^ l a ti le ^um edtirse* H l n i a a t i m 
q f symfeisiitB frsBi the loseet«-pe8to lias Im^i sugijiasts^ as a pratoebl© 
flir^etM tts %%\jdf t u t »orph3l3|y of ay©©t®m©s m0. s^eUs^ftm^ 
is*t iat©t ssa i4@iiti i ' f t h t spil jtsiit® a®s»l&t©d w i t l i two iiap3rt;.:ii:it 
sUrmi grs l f i pasts v i s . , r|||fc||^g8rt||i i M l n M n ^* add ^Itasif^iliLlIf 
g.i*aflf».riy» L« v i t b a vt tw to »®fk But th® p a a s l b l l l t y si sy i sb i ^ la 
eil!?'<ljaati5»n by i n * sppl lcst la^ i al* druge on t i t « i r hosts In sa 
att©»Ft t o e w i t r a l t t e a . 
a eerefoJ. atudf af diii»#ctecl lisseet sh^riKi ttit«i mf^^tmma 
aa«3 a^e t«s^@s vary aiiiBh vary l a t f t e l r ab^e« tbe aycttssit-a a i ^ 
paU'eii i ^ a i and wh i t i sh I n ealoi ir t o f^feto»{?ir1illa i i a l H t e . * ^ ' ^ 
fltueo¥©qf aT .-p^r«i aisture af i iye®t»es i s m airs«®«at »^'itii ^ ic 
g_fftia3fiy® thir sycetocytw ar« p r ^ e a t impaired iom l a cis©ca s i 
midgut s i m i l a r t o the fLndia^s af Ql®r Cl936) l a cocHrsaches.. 
M b^tb t h t luaects ttie d i s t r l b u t i ^ ^ of m^&ttm&l sfmbiants 
l a the bsdy of ^@ iiusact has b©«« aiasNit lc3e«itlcai» except tha t 
i ^ «#> ^awJyttga* thtse fe«v» bftefl fawid in t«at®ii aiK3 ov®ri«t whi le 
^ * i.?» ^^g^aap t^us mif In oVari#5. This syggtsta t l i a t t l ie traasmlsslan 
s f sy":?lilaiit8 l a ttoc f sna t r speclei? tultes p iaet througli o^ty 
t e s t i s 1 ^ Dv®rit« swd l a ^ t l e t t e r apeclta t J i r a i ^ . the .3¥srl©s 
aloiic'* t t » mad© of trsfiaii lsslt30 la ^ daminlca i s nst i n agreement i^if) 
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tim i i taierai 8tat»aeiit eafle by ifensotir (1934) ^ i ^ Biiclia©rCf953) 
Mt3!3 liplleired t ha t trai^mitsi'Sai wss aliirays tf«i is3varif4l« -.Itt i 
am • -gg^^^^f^t^ t l i l a atafc^iRSDt, Ii3»i©f®r esses try## 
t s fe9-.g.raf(«»pfiiltivf!, r-Ml shiped^ a a t t l e sad &m eap«ulatei -f^ith 
g capsistty to l i q u i f y t ^ g i i a t t e aad hfrliullsEB In th€ g#l£.ti i i 
sgar* tHe colsales sprawl a w r tbe ^ a r s l im t gad ep^^esr ^.mmki&h 
in e s l s w * Thpugfc 11 ivm a posifcive rslUi t ^ t f i t shw^B n-^ 
s lg« sf ttie p r©dyf i t l« af ^ S . to the teasia af t teae cto i fmster i* 
g t i os the baet t t r l ia I M ^ btoti l a m t i f l & i m |^«B,ill.i^, &y|JuUI&» 
!*fi© f t o l t e ^ w^s§ thep®fOi»tf In aec©itl»i«e wttia t h » e si ' Cas 
i t 706 ) mA C'ln^ (1971) wli© I d ^ c t i f t e l g* au fa t l i i ^ mvi ^ .pi^r^iy. 
r,3'^tWi> t t e teaetertyii I s ^ a t ^ frwa ^4te?r»Uya ^ i l i in isr lg g>^»^ 
Ciaaract t r ls t ies d i f f e r w t f r oa t l is^e rap^rted sosv®. I t i s 
yMoufetedlf graai pos i t i ve bi i t granular m^ aimiBotilef %fitli^ a 
cap.-.-«itf t 9 l l q u i f F g a l a t t a . H t ta ln ika^ Ct32?) ®a:l l-^ aRia (1939) 
hBve IsGlated Sjspp^ylacacsue, ^ y y ^ ^z*^^ '^(^ ' ^ ^ ^ath Ciaarai 
fh© S i s i s l t l ^ t y pattens s f imri3?iS a r i t i b ia t l cs agci j ist 
^ Mfelligg,, s?^ -d i # i H W . i«talat®d from tba K ^ t o t o M ^-^ 
d iss ' tet l i ' /d, Ct5l:3r9myc»tlft, altr5:r9Cin, d a x l c l i i i a , gentcayeia have 
te«m foi«iri very « f f «c t i v« a ^ i f i a t t » aul lUIJ& ^ ^ ^ i** I iate49- i 
sbigwing i n h i b i t i a a B:m© r « i f l f i g from 30 -• 35 »» a t va.risys 
c©nceatratl^4a# wh©ress I n 4^ y ^ a a r l f ^ a clt^oromyctt int 
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alttaxtMlDf moA p«aioUllji ham hwa found •quolly «£f«otliK« 
iti&lemi$m 22-^0 am Ishl^itloo nam at dlf Xffimnt eoiioAiilapa* 
tiODQ (fc&Xe 4}« *^tm vrnm^loiim aotSblotlM tMitsd* lisw oot 
Been 90 lotdbitoi^ to tim gr<K9tli* i%e z««atB i3bt^ |ii»d ie 
the vrmmKt studies Bhamd oiailarll^ with tlioM ai Xbaii (t974f 
1976) ana msm Q^d Kliati (1981)* l^ie MMliy IOIMMI of ialilUtioQ 
IsafO twos psofitiood tiy oertaia aatiblotloa i^iloli slioii ttolr 
iotffodtiiNiiio^* iJiiaJUar mxilQr inliUiltiai wmma tmm tmm 
reportod by tiw piwooat flsitlxir In iHii^Lnnift ^BsmavafimA irom 
QMSSBBSSBB, iMSMtk* 
mum ^ t •yisblOBtB «os« txcnsforrod to BOW aodla with 
diffeveBt ooneootmtioRw of eheidoa2«f inoludiag dmai toatod 
aa>oiF« th0 iMMtoria at the oowot f a i l ^ to laultipljr ana grow* 
Shifl Q i ^ ham iKieii due to the lag period as x«port»d in oilier 
oases such as Bfi^lffttfl op* froci gJLSXlft SBM^M ^^ JSUSSlgfllUlA 
.l^ ffPBU^ nji, 2?eapeotiiw2^« tho im Period deptndiog upon the 
eheffiiofila uaod* & iritaoiiii thla period has been foood to he 
ooQEiidej^ lor z^ duoed beoauee iritamimi beinf growth proraotiog 
m^toneeSf ioduoe rapid growth^mett and Liljr 91946)• 
After thia lag period ^tm &^mi%h starts and beooraes 
stsadyt the tiias required for this phise appears to he dspeodsnt 
%Voa ISm ohemlUial ussdt iritasdi^ retioixlog least period for 
this pozpose* ^hi3 ^laso is often denoted as the sacpooeotial 
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IprartSi pbstm* iMaing %td& poariod tlw auIti]pa.io&tioii mt« 
lieeotais M ^ aaa tte grmtli veaeliM i ts waytiwa point* Lattr 
oa ttm growth deoXlma ai«l iirvol.utlaii of Vaotoria oeeoro* 
f Ilia iB^aam to toziaid as tb» dtooUoi pimm* Sfao 0tiioi;^ tmnd 
fl£ gnMth in tbsmi •tudlos liiio IHNIII a 9imap% lag viMwtt trnprnsA* 
lug i}p(m tbo oheai^a. ooodt foaHo^ oA 1^ ati IneroaM Is growth 
aad furthor a aooamaao in SAttor ^lamo* Shio kind of g^ rovth 
pattora Is not a aeff ooo hut has IMMB wportod to lairpi in^or 
of oziEifiioai* XB the vxmtmt mam i t at^d ho portljr ant to 
atttol^is or i^ i^ iioaX xo&o^lou hold to thii aodlisi doxiag Him 
gvmr^ phaoo* 
Vltai^ B|g and r^itfiyiiii B oontplox hofo boos foosd wxjr 
effeotlTe groirth aupportoxs of j-WfetfllitiT fo^Mod hy TitaiaSjD 
K asd vitaoin a i^^ jeeas vltmaio Bg iiaa booo Xoaot mipportir 
of tl» groyfth* lloa/erato gx^ wth li^ ii s« ;^» r^tod by iritaeda K 
£md vltaiaiii c* She loaot grovth «aa oui^artod by -vitaeitii Bg« 
It ia oloar that groirtji i s vitaalin waa i»pid and tim oaqpori* 
nsBl^ growth phaoe iooj^aaed oignlfio^itly* (£>ig* 1«$ & 
'Xiibl® 5-9)• 
f^hixvaa ths a^iOBta of H^gSSSSSiStk i*<>* &*fillBtt gPOM 
host in ^taialii C and vitieiia B|2 foUoMid by iritaoin Kf 
B omSSiQx and Bg4Fig« 2f«-e§ & Sahio i£&«*e9)« 
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in mooosp^mm with mom 9t mm and Bint (1964) tibe tmm that 
despite vitaiiii} E, ttm ieH^ moiSm wtm SQMQ tmoA grovtb 
^rmo^T* AtktosoD m& i^insoii {l955)ttfttlMA tl»t otrtais 
iritaaiiio aaa m Um m$M& aeido aet m m gftMrth fattor far 
b^tcriii ana otter moiX Bionliiota* M^t^ai and SliaB (1931) 
i»t*a ttm ismrtmm of iritaali»i an tte ipravtli of s^riMta@a3L 
Biorooi^piiinv f^fltfrr**^ !^ ap*) iaolatad froa fiiyoift JHBflJi^  
\itapiii B|2 am Yitaato B aoopyUix wts« fouad sMMit affaetiiw 
Blaiiar to tba psvaoat atadloa* flioy aiao Obaosnalt tliot 
irit^tain B^ *^ ^^^"i^ ^t ^tttnlii X and iritaBtii S aota aa grovth 
Of 1 ^ diffoMot mXi^ dfo^i tMtad lii|^ tztto^aittaBoa 
waa Obaarvid i s aulpliaDBtliaaaa and auIpliatliioaQila both ia 
Ei«m^tiiia and g^aSlim, ^^ b i ^ a t oonoofttr&tioa of tliaaa 
ctiosiioala i»a* (0*9^)• Boaatart tl» aaooaooa of Hit affioaoy 
of tin samioiiig dutgs difiststd i s tl» tt»o ovi^ iiiaflB* Tor tisa 
fOfoer tb& M^mit of fioiaQt dxug iiaa aaipjiadlrtna folloaed bjr 
aviliB^amQmym peotidaiilldiaa and lOi^iaaoBidat auii^iadiaina 
and pratidstiXs^^ f Of tlia latter apeoioa raapaatiiialjr* f laaa 
PGQtidaiili^ taa hoa bean foiaid iaaat affootiw for both tlwae 
ori^^laoa* %tm parooot tx^aos^ttaooa inereaaad witb the 
oooB@Qtmti(»a of tbe druga in both tlie or^uiiaaa (Hg* 6^%0^26^Q 
& 2able 10»H» 3CHU)* laxli<Nf thsaa dniga wart oXm reportad 
-4. «^ U 
•ff«e«&iw 90kim% mgimm t^^Umtm^ mA Umi maam x<«raatti 
mm i s •dttft»z«i'^ «rit^  itiscw 0C K«^ {I95€)f BniM aad Iilsei 
•£f«0^ini in vedmeliii Hw gi^ov^ of i-|irtt||i1i|ii liiUbi imf 
ff'llifini P»i it^^^ aaa affiHeUliii «?« aoit wttm^m* 
Muado$3X$» aed mmlaUlim iftow *vt^ poor traanaltlWKMr Is 
«f dxpiMnanii the mmSam %*im i^ t 0*9|( afttr 144 !»•• 
<7Mk 11»19t 91*^9 * takl« tS*l9« 99-99)« flMM wmiSLM mm 
tfSna IB (lonfoniilgr «it^ '^OM of falln fiSil^ iWO) and 
Gtvi^ BffidMarti ij^ JH^  ClSdl) UIM aa»o v«903rt«a laiAt AatlliiotiM 
admoMtljf ttCfsotidi "^Mi ipmstli of ^fiiniM^* 
flu x««ial,ta on 1l» altfwtt of diffftront tnatfttloldM 
miMmmtB imm bMS «i»i toaOA to ft*jnilttl& tl»tt 9K aal 
ooAlua fXmoEiM* On Hio oHiix' TSMA$ for E«i||yiu L^ood uMBftlM 
oaXoitn msmtmim tmn %mn WBom toxie Htwi SOAIUBI Hoiuplitt 
BBCSM W&» I^flfywn* lanMamiittiiUMt in oi l tbo tnomtloitf taM 
lM«n itoitiiA «l 0*9^ a0iilait IKI^ ^M ozip&almcdi^ 16«a0 f 
36«40 l( ttUl9 a0«e4t 4<M4)« 41«ioogli so «»ik hoo boon oonlod 
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mt 08 the s»d[f of seftle»» i t i s prmmmA that tliMe ins»9tl«» 
A&a jftHBgina %fm 0^1 «!«aa6llMt 3r««aXttng iato %tm imiVk of 
tlio l^^t«3*im* f te ^ f ««t of liMOtttloiAoo on ib» §gmg^ of 
oyribionlai boo aloo booo cvnME^ 'toA oorlltr lis ittanui nDfi Khott 
flii antiiBlozialilal aoti^Hsr M J | ] A t^ iAfXiitao»l %y 
boot fi«t<ani Siko aiiitvi^islioii^ooiioeiila^tioa of 4i>iii aig 
loosltOB of (nn&Btwn in laift j^rootonto oM ooroo^ oogrtM* IQ 
liaot tio^ thi w^imtt tan oxpoood to toxjring ooaeontxttlioiio 
of til* otwaiiMJaig* %l^ i s &no to oo t^toooiao #ie;irotioc} mo& 
l!!8oti-f0tioii of "^M an^^aottvia]^ Oftstt in tlio l*oot ^ol^» 
flio diotrHmtioo of obe^oflXs v&rioo gro«t2^ v l ^ Aiffoxwst 
tiaowso iiK;lu4iiig ogroo'toaoo and qQr««to«7too« 
!l^ eOB'voiitiottil anti^iotieo oslifbit o^ootito imtiBi-
metfbisS. oetifltgr* amm mm oflootifo oflolMit graa fooititt 
l}aet02i»t ot!»ni a«o ggm neaative oooo oliiXi tmi mm isHibitor 
of bo^u Timt tiM «tt«pto taaio IMMII aoio to k$Xl 1^ 
iDMOt baotoria froa tte fot bodioo of firtlffiimli Mtilgflm 
t^ mini tvipiflJinriii (KOolit W^)* M^UT^ sotosol iKSs^ nno 
otu&iod tlw o£feotB of toilttio Mililil^tioo ayDd oldjiift ixvum 
(Bxnotei aaa Hiohwlot 1995 mA fOam^ IfH) oo Aiffos«»t otvoiao 
of iaoootftoetozlait l>o1ii i?&tliO0»Bio aoA ognft^ iotid* Bnmvtly 
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aOmSli &Bd HoiiM (1970) wmA mW^xtibi»l aotot ntxM « i ^ 
f^flCyiSfiClBSa «ii3^ 3£ iAsJkSsft •t«AiMi «vz» oerrltd ant ^ 
KDaB (tf74 end 191f) on ^pixioi» i iw^t ba«1»xla» 
o!wi3&iial0 f^tli^ iitx« mS3Bi3aa^mm& i^amo^ foot* Matnlatmtloif} 
of mailyi dzugsii aotlliiotloi and SaMotiolxlMi f««alt«d la 
AMtmollMi of Q^lflBti mA ^mf aSLao x«diM«4 l ^ i v vlabUlt^ 
(^^avtlal. •HaliiatiQii)* 
iritnUi^ alioiMa Ht&islc 0i*oii1& la ooailauB ooaetQtmtiiiii <0«9 }^ 
of iritas&ii B|2t i^ tocdUi B naiq^xt titenta C$ H^nio K and 
vita»lii B^  (talila 49«49)« ^Hwxvai la 0*009^ ftOQotatratiQB of 
thooe iitt»laa l» aaai oBnamtioa ^e ggmi^ wm wmh hi0mr» 
SlaiXav sMuXta vmm Obtained ia iSm mm of ipiiSoBta of 
ik'MMlSSiM ^ ^•^ ^ ^ ^ ^ ^ 0*009f& ooaowEitsatlQBB ia ^lo 
F5 3iQ»mtioa ia 'vitiMdiB B|^t titaiBla B oerai3Loaf iritania Of 
^taolB £ aaa "vitaeiia Bg (falale 69HS9)* 
Sli^tyiti^al attidiia 1mm iittaniotafllattoatieaa of larioiia 
9oziDtzB dtiriog last f««f fsiais aad i t iiaa ^990 {mwlbia to Bha& 
%tm lapOTtoBoa of diffexvat ooaatitutata Ute titoaiaat oazl>o-* 
Is '^drntiOi psotolat oto* I t ia olaar fson ttw vranlta ^lat tlia 
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liH spoCn of iii9««ti pffsS^msm^ em abomd T&tHmr thiek pofu* 
Xiition of «pibioiit9« tilt &im% rnxs^i^mnttA vitli 4ifftex«iit 
irltaoiiit •tSuOattd tin m^m^ 9f j^FSftiiwitB m mH m iSmtr 
tlooal i»<pti«i»iit of t is Unit asseiM* f l i^ mintRin tlitlr 
oetoJboSLio l>alaae©« pwmmm ipitaaliiB and eOao j^pntaiMiiM prti^tm 
ttom Bltra0»fioiie at^oatu z^nduotB (ilggl«wiortlif 1916 and 
BaioBBt 1906)* XQ ^ » B flOMMi ^ AiT ^« m»Uii% ill digMUoa of 
to ba ooozdio&tQr to sooi ^itent iMtMoii Hw liett and lleii 
b^^ elflOLoesr* ^^ oxsSloit&tioa oi baetorial B«tntiOtt s«latl0D* 
•biPt i t of t»wi»« wSism to ^lo iraoiKnio OBtonoioglBti for 
naoaigliig 1&« peot 90|«lat^»i* tmam end BoviiMnft (I953l)t 
l^ ast ana frstatm^ Ct994) and XIHIB aod SalAt (1976) IKIIW 
oootarHfatadi a §m& doal to@@na» HKS asttritiQii of nIoifoofpiQtam 
in ttie IkMta* 
Tim ayTto%9Bi%9 imUmimd txom f9 0eoezatio» of ii'flgjilfrji^ 
elKn^ od irofar aoi^ at^  @ro«tli ^^ ira tba iOBeota W9re w%am& m 
mximm oogoantmtioB {O*!^ !^  of dtffoivat waSLsim. 6xiam§ 1««« 
sul|^)uaoBlte» suISiiBdiai^not «a9t»^iioaelet milj^mmiihtmnml^ 
aad podtSdatOpliaa wmv^ttmiSi^ (Sabla S0<44)t aterooa la JLoooat 
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«lii gsovth vaui hlflinr 80*O(|( {teUkm 9(HM)* 
st^ Lptet dxufli oneti Off III *fHl j^ ftg^ jifff *f^ fpfi.fff|^ ify (MtiM t^iadl&itfiMt 
pmtlftmiytiany mOsliBMaiai aaA •uli^'^i&oaoiU* lo Xmitmt 
mimsattatlmi <0«009 )^ tlie giwth of troate^ «gniftimrM»^  wm 
mmrsSM mam in f% ^ mtmtim (falil* 1f0«'74)« fii tma utuBi^ 
ttiB ptMQt ati^ior liiiBd mSLiEl^moaSmf maiptMtmim and 
wa^ a;fett&oflQl.o lilQlii^ 9iimWm maaoB aUL trlsd iiySUplisi mmm* 
^smm Afugi iMire fflmii mmommisa. mi^ to partial i&laliiatioii 
of iOnH i^oota 00 soportod ligr a io^ (1971) In oQoe o£ I Q A M I 
4ot|3>lotio« oi^Bifloaiitljr afftotod the fiilbSUV of 
tlio i^ ie i i ta ^ Sl^itSlMM ^^"^ ^ gtoBiatiOBii zoiiniA oo 9*% 
mtmmtmtim of paotH^^ o^iiif ttiOKioUIlJit A@acloiil.iBt pooleilliii 
a 01 aoi^oilliB* Tim i^^lOBts tviaotoa wim 0*0091^  ^pto 19 
jlydbiiBto of Stgyanagiaa tvoatoa !» i^ ootlbiotioo lipto 
19 g^asmtioB olioooa oiqisamaoioa of grov^i* f!io ooooonWatioo 
of aoodtoilUOf aaoxieSaito ssattii^ioi aopleiXU& aecl iieoiei* 
ULiB ma 0*^ ^e0mm&aiB$»t«r&A Iso stooim imtm^ Za O«O09f^  
^matoMit 1^0 gsmttk of liie nQnitioiila wm foooxaod hi^^r oo 
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mm i s &mmBmam wi^ ^imm m $^tmiMmp <lf$6) m Hie 
to ^UaSaa^ His aorelileiits af £« 
i i ^ i f i i i t i i tm& F2 aei 19 .|^i^imtiQi» aeiii ^?aa^«tx«d t t 
eii3Lti»B »a.l»@ tiiK7 @lKiiw4 $xmMmn gsowiiii (i*i^l» $S<^)« 
flxo^Hi of "^liM w&mtm@l ggniii^io af t t r M tos« of iaoiti^liOB 
taoft Bmi^eisSi^ filOMN At l i i # AoiNiii tiM is»ett ouffOfoa 
s£iEi4£lfii3iff% issK^ei^il^* fhtt aotH^jUiMi^ I B ^W 2OB^ wa fotesMi 
%im 0«mll» m& mmmeH. ^m mim of w^mtmm m^ i^rottoc^tMi 
m&. ai|3.ftoa tlio ooRiity of o^iltlOBto* I t s^mmm ^mt oamrem 
ef^o t 00 o ^ i ^ t i iiotBQS^^|l«9]f0diae^i» 1^9»ifl3.og|' of 
iisoet* Bigmm sooBl^ wtm also xoportttf 1^ izooko and 
MsMasm Cl f^) ^" H i l l a .mMUlf i ^'*^** liiMNtoi^  f»e j^Tii^iooti 
#M@^^ ^mamtmm W% w&t ^m oiose *^ iMle 1 ^ proewH @oll»r 
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imm ^tet boISi MSM wmm mitmUA «ltlKmt iiflpuiigr* Sim 
•f Utete of aiOiiift drstii oa lite gntMite vnre ai»i Ute HMt 
^ ^ Ifllgmnil ffl?nTil*iff *^^ ^^ IntsodavllMt of anHlilotiM 
•ad mAi0m (Hfvm* 8* mmiolhmA S^»% i^ww ftroga oooia te 
faiMt aa4 ipliioiita* In tfTI te ««iiR tvlta ««rtaSa MtlUo* 
t ies «M^ wtild ^« ilfMi (Hiroii^i itaA <sr iB|«#tl»ni} to 
#l'iffiH*tf HtM wAMeo&tiKUOilMm saA diatarii Ite IdbolAcy of hoot 
090^00* ityaiMUwio %m iMlaaooA vAotLoaiMf %ot«oon upMotio 
osiWBLoa OBd i t s bootff latio volatioMUy ooa 1M Aiotnttod bgr 
tmlae ohnideBlo* ]fo 1 ^ wmwt oindioo i t to aloo fonaA 
tl»t ia foo 00000 1^ aatil^iotioo* tlw ool.OBr of laooot o^^ jr 
«&a fikdinf OB^  ^ Uio of mootoato o»o oleo f^oid rtnriaiElag* 
2 »^ee1io nmroi oe lioi:;^  loo £OOO@RS of j^ uMiotlolAoo oovo 
ftloo fotaMi 4mmogmiAm ^i« w^pM»vtmf ^lam^ aortoUt^ po«» 
diiood ligr ^M looootioiioo ooo olgnlfiooat* fiw wrtolitgr 
eaaata b^ r otraoeB vmm»lm ooo aot lw roftoA out* Slio iaooo-
<tioideo tioing M^ba^ ^isdo* WS^ wm nag load azwiBOto ooro 
foioski IdglOj of fool^w «lil3io tile root ««ao fooUo la iteiv 
aotloB* oroo^ OMI olpilflooatl^ 3»o» ia 19io w^nMimtM of 
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FIffa and f% gjiBmmtUKm* Ui^ ooswentxatioisa wr^ oaapar&tlv«« 
Wdm mA9 ^t VbBomtimx&Kp and f^xgimh (1964% f964b)* f higr f«A 
fti£f^n!«ot oeiiotiitjntlani ei JUB&IMEM to liBll|jia3ft imrl i im 
fIM iiiseQriloii«0 ttfv fefovMidl to liaiB gyoooiam of AifMrtino 
s^tiQ aoA a3Lao «f loot ^ e iionm» oiitoR* 
a^Sonta fwtm ^HJSSASU^ xoaxvd 19 to 99 sviaomtiaii 
on eoloiuB anMoatOy im 9 SHO« X«oa anwaobo aofi oodSJOD Aoiueido 
MiO^ sA poor gvcwtb (f i^A 6^ >i64)f oliojfoas io 0«OOS|I tlio gi^ ovth 
of 19 i^ noffxtioB iQ^J^ntfl ia»f« liMbor (tei»lo 60«44)« 
i^nfbiooi9 of 19 i^mfsrtioR of §*mmm3Ltm ofaeooA 1M17 
Zotf garo»6li 00 0*S^ eooocntiXQtioa of ISSf WSf tmoA azoonatOf 
OaloiiBi azflooato ana OodHai floiu?14« foopootlv^ (fobXe 80«e4)ff 
^:mxem 0»Oog^  oQDotatx«tlaa fooiiltod h l ^ r grourtb* 'J^ IIMO 
data fir@ lo oi»if02^^ ^tls thoeo of Baigh Hax^ ar osd i^ oevgEiOli 
(1964% 196|b)« t ^ ii»db«r of O9id»ftoet8 mm also oonoidoiiQiajr 
XGiiioea io all eli&Ms£4o ^^ ot tlie laartaXi^ v&te vi. tamt wm 
U%^ in mm of InsootloM^o* 
ilineo tbs c^ o^otopia axe clootiL^ f^Utod tfitb tt» 
bioi.oo' of iMstSt tl» @otliritles o£^ l>e affeoteS ^ tte iiitfo* 
duetioD of ohf^ Qleala Is Im ooQoeotzatiOQB* %\AM idoa Xod 
tliB aittbor to elliatiiato (total. 07 partiaX) tlit a^ionto frora 
%\B floats «iQ(l affeotisg ttie biology of tK»t si«oio8 xootiltiog 
58 
ttiAijf mitzltiaipl pUgpaifliA^ w^ tlwir aiiiotFtll>Slltl«8 td 
QiorQibal aitliod io Ijistot ^iitxtft* Fitrtl»r» tl» iafoxnatioc} 
2«|Baxiaifig tlw rolt fif lattroalXy liazbaiurlBg igrBibioiitB I0 far 
ffoe belog ooi^lfttft ^%h ttiia ^Am a I^ IAIM OB HW si^ieiits 




1^ tint antidn @C imti^«9»«t« aaa %liiir popOsliio* 
tmm fewm wii« to l»i#^ «bis nniiMt »tth aM^ f^fmH eQiii»ei3l 
ftvioufl eoBVMitloiial immB/^toUi$m Is 
dfiittiiKs %Q t l» ^itm^mme msmtA to tin i^o^ogloai 
fMa led to t ^ ooBoofft of a i^f irifti^ al^ lflti wmM mf^ 
talBt t l» targel i^ peoiiit into iN»^iiif«tioii l«^ aloo ita 
aaflgflaaigt i*a« SstogPiitea |oat wm&mmmi^ iaoorpamtoa i^tH 
alfsroiiriaiKlsaa to iaiof tlM» faala wmf^BOMlMt %aloii tlw tt»«iii«ia 
:ijsmX* f Ma lelad of ooa^ml. ia not mA^ wem proidLaiii^ teiag 
^aoifio 1^ ita aatioa %i^ aaiao aos toxia to tlw aalM&a aaA 
Siiaite C^oe i^aai iWI3U t^ wm to ovaro^M tiia i*eai«i&iiaa ia 
wm^ %jmm^ Sa«la a#i4»0l narioi^ ^miDal iaaMitiaiiaa mn to 
ailMteto or gaai^ agitiBat to^io feaaavfta to m$mA» am 
ava nova ilMMiSlila asi ooia^ratii^lj iioii«4osio to paala ottiar 
60 
tmAm^im^ M A oblwr ofthoA* of ^MtetioliAaS. oookr^ of 
•t€V«a ir^fttiot pi0tst In l for 20«i Is IIICMB wmmmim ^^ 
mil ffiitafiite jffjftMgjyif* 
visAm tilt!} tbt olnsOoeX loosollol^to*! t« l tlnisr « ^ as •fftMll'W 
m %\m tegl elieaioalat tlMXi^ ttmUt sm&Mytioii la oftra Mvt 
msD9mAm» In dtwXQV*^  oonalrlM t)» ppoismimi and ffirooli^lM 
wftliofta oro «eIX aft^ paiwtA* Slie roagt of lB«oiit-iffOfli«f kaoMi to 
b9 floaeepttblct lo vSdo ana grovliigc MM I t tmry vwoly affoot* 
tlia %»iitf IfilAl. mmeimh ^im tgtmM mSme^mm of nlarolil^ laoae* 
tieliaa I f ta aot only la t M v oailRilir to wviiirttlas l«n alao 
la ^tmix^ spaolflollQrt Bm&mrf %M& t^aolflalt^ tAioli Is oftaa 
at ^aolas iMml§ aagr ba & dlaa^mataai vtwa it iaral ptai 
apeolas aaadi to \>e oootroUad <atalidiaiii3» 19411 BBfelgrt 9^991 
Balapal., 19$7)« 
lathogiaa l»olog aa Sm^ortaol toa^m la aBlarBl 
Ualtatlco Q£ laaMt nmftitr. tbs aoa otf alovtililal likiasti** 
eldaa ia a iraltaafela vtiiad of ooalr^U H la flartlMr oonelttgad 
ftf asmAjLiA alordbiaiL ooatft>3» am taast aoAaat thao tboot iiaa 
to tlM laprotad um of oliaQlQaXa* Slia iwrlOHO aowirciftnl 
wAmnSbUX Inaalloldao ara of aa«ro» lioal tmm aa& lafMffe 
161 
wSj ftif lw«tl««« SmilQr (1969) pnnUmA m toeltfiistf* Xi«l 
^bmiing tm mmmplimiXi^ of tte «iff«vtiil taatft ao^tiita to 
ll^Wflft 4PitflAtf iSPIMi t i l t tKAWW XiViPiftCqB'liSraif filpHNM^tlSlIt 
BIpltva Mid Cl«l«^ ptiap» (Btinwlff967}« 
lia«l of t l» ptil^ i^ E i^le «fiNiol« of %a0l«rlA lisvt ^t^a 
09iianot«d la tte aj^emtorlts* f ^ MWt ^OiPistiMlt inatiiis 
( m tliMit of lii9lA0]^tr9it9 JUiriMi livfiag nUeeUm cot ooiat«n»a 
tisi toKiii <Jiiigii«9 tdSSf l»i)B9Wl.t ff$ff Htl^p^ wd Aapuif t999)« 
Sin iMB«»pm fomli^ ^Q«t«riA a^taok a ul i t roBflt of lMil« f»«i 
^wirliia «al t# tilt ioMgt ortav CNa»^ ?t«v»« SlyNarat 
%flM!i^ 9^w% Z80|ttr% X«i^l^pi«rm and ClrllirofNfra (M«|iisii«r j||«jA< 
19951 BiMliQ«r« 19fi9ft)« 9l lXlMl^n 9i l « J l K l M d i l l l i ^o^ 
t l« Aoof^ roa. of OQrB«ip«fe» lias f«o«iwd eonsltertfilt a^tastiAB* 
taoda and B«|ii«r (19&2) fn^ flOPtad ^Ritvol «f amm •mewmem^ 
HaHotida am ia aaai!! oora %f taiaigr teaifwi eef B^HwrlfMr^Blrtt -
f l i ^ ooaolMad that aavSJar «asti»f8 liad faUad iNianiiat of 
laiBfftaiiMt AiMMflia aad dlffoTMoaa la peiaaigr of prtpc^laiM 
A wrUm (^ Uta»«lw» oe tlH» aaitaa of JKMdIl i lMl i l f 
and ita wri i t ias «iao ifeaatd tHal i t affoota ttm siK of a l l * 
atBtsar mtaaX aad itAaMSL^ nQtli aad alao lariaip iliaiil atnat* la 
162 
I f f I ) * Mtma^t W^fm mA U M I iWd) ^fit«A liUnsliiiliaiGb 
for <l^ i»»tro3» 9f fBfflfffif Jiiiiilitttet ^ PNi^  ^ vliMil ^Urar 
poasl&ljr i^>wg^ l^4Ni3J^ tfltli nHi^  tf^«iilaai imi^^iMiAm m 
WB^ 9i^mm tbilr piill^^i^ait^ (!^ aiii% 1SS7)* i^ i^ tls aoii 
^/^^^ H Jl*Cl9BQl »«i^ ittollur ai^raa^ for 
ing tlii in^ola ^ liUfigraiod iiillioSf i««« h&mmeuak mm 
63 
%wfl«tlii «9^lMit diovv itoawit "^ §^9^  <^ 
£B tlw fJbi^f jjBPflJBPW^ ifwsfflu IMW m i niMi %# oat ttaii 
for ifi»ifll,f» i»9 i f^ mm ma& is li«ii^ iteml^i^^* l i tveeefe 
$««p« %!i@ HN^ %& t«|^lai« 9»tal« laapreiia «limi«ia Ittieott* 
]^ imgr %« niiNMl ifi iri(w oC liit nuiXHinl islNis^iil Sa ppofeal^ lAii 
QW^aemammsA, m^mm$m^im ami %lm wm& to itovtl^ in^gra^itd 
ioioiii iligiil t in l^ i^ oftiMMio ^ "bmAmtim m fmtmwki ^mfol . 
agists* Wem to ini t ia l* lafeittiis m meismmi^ t l it ir •ff«9li'ii«> 
oisa is iSb^ ^ S T M M N fliia mm mmmt^ Wm 
fi» aittasAs of mMMsMgm^ t}m mm ^ ima^mtim ia mtSstix^im 
wltli elimieiieiilAi »l«r^l i i l and ^aktmt tte» ts^tirolilAl i^«l« fgr 
G4 
iaUimm^t^ ttm^mil U flVMit and OaoaM b« fuUgr •iqA«it«4 
iit0t«tiii^ii timei «ii3. msMtm owitmX d«p«M« on i ^ onsMpfti* 
%l3Ullgr of «ii« ptnt pcgpnXniioii aat tUt ftlmsar «C ntarotolajl 
pKtNbaottf* A« fcr olMWtoagi ^igeotlniAinf ottMNiv i^bilitsr !« 
wa«Br«d %f laNrttlarar and fMA trialnt loWnBy t« •qBi^Almil 
to tt» ftnooMRdft of tlic anowi^  of ao%if« tagrodieat* 
i'$!lli1lii!M*f*Wto two boon toolod fcr oontroi of oofwroX 
i]Moet«i^nto or ot«ffoa pposnolo ond i t lioo oi^ ra»««ooA|909iiX^» 
tlotto of wditofroaoaa flour aolli« ff^tAtf^. JaUBlitti 
(DorgoOf f9S4n)f tin IMIi^i aoal as^^ JSUttiA ifilMEaHBflliUi 
(BoTiooy f9S4o) aoA tin 0m^v '^^at notlit Mililfii |l''^*'^\|n 
CBurgiOt V964t BHTfleo onl tis^U^f^ %%%)• Ooo <^  tlw bootorlol 
foraolofelono for %im eontercA of tteoe poolo boo boos ool^ OB 
OR osperiiaifitA]. ooo2o» iMipiOio &t io oaqponai'io meA jpoooi^ 
too ool4Mfllw oloo« & %}m srooBfli tovooiiiotlon oit^vto 
lusew tiOOB 8ib4o to not dlfll^root var&tSoo of l«,|toKIMlttBiUt 
to otufljr tho pittl»»0oaieit;/ ogoinot Miffitiw^lii jJiffffftHfi^  n^A 
.ilUliilftil^ M^^WPn *»^ ^^ * i^ftoto on s& of aiffMToat VBg%9 
of oUMStttrar e^oax ona lia«n939»gb» 
Materials and Methods 
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Hf^xviit mmmmtal foxailatlosf of f^ |^'»^n 
Chmiosa, AgsUKHixam Jhn&mt U^Uimt <l*l*A*), s«6l, XF;i«78 
ai^ H<45f«'79 (?««t«av £Mti^il«f frmm) W9v 1NM1»A ia tlit&r 
Tbtmti memm tp&timm mm w»&PBai9& ia txmh atirtUati mt^L» 
aiitilJM ^iflcr* 
fbi au^pvotloii 8f Al£f«»uit ooatrntrattoii of irarioat 
fQxnu3Ui1il0af wum iPiOiAd on oSUiaa aid tms^ilt^ IAMMEI ggralii^ tfilii 
th@ Help of n fine •BVQg*«f• SiMa His gralat ««ve AJPIM la m 
^tmmm^tA^ Tim Ummt» mm aSlmm^ ^ ft«d mtt^ tva^bnA grsloi 
of ifhoat* Eaoh aoaesatmtloii of t&wuHiMm wm t««toa oa t^tixwi 
a«tf of aftiiXI^  of lio13i tlsi 9pooi«9* I'^ rHwrt oaeli 9ot liadi 100 
invooti !>eXmialag to botb awns* for lioitt llui iaiooti nador 
ali9«r9«llcait iSm mmrlagm^ wm oat aopsrstoly* Tim liioaaigQw 
aox« oooauoltod la »»31 alvrUiaBd ^ahoTS la loMotaxy ooaAlttmii* 
Obsartatlai» tiojea «tarfe»d f aeisa aero tetm moA taleao at 
&mxf 24 tuM* ilM %w^ <vlQHml a^ naptsni of Aiaaaaa mA otiMz* 
iiliiKiiEKa. aeti^ai^laa aaia alto aattfbad torlag Hia aai^rlaaat* 
Mos'tyaity data itttaitiaA ixm ttila Hoaaaa^a «ai« put to atatlatl* 
1 66 
1^ mfne 9%Hm (y3*oia mm mmammmsUmsi3M) mm vm0i 
t9 iiiiQ«r%iiii UMI iH of difftx^at mg^Lmm gf fiUntBtavar «aiiaii 
COontsol)* t te iillaiii%a7 oaaal of iMt liKMOlif wit takam out 
l^«o«^ Smii^ tiiiiiiiiiX laslatwi mA wmtmS, in di««lll«d •alsts!' mi, 
d l^Ad nilto tilt ^ 2 ^ oif a fSX i^x* pk^ fi^ * flM altoMBtasy oiui^ «a« 
aNKitiaiMia la ^iffmmnt mtgimm m& tten Hw •ootvat* of oii^ 
Mglfln «9i» m^m& on ^le ilt pftpor ttrli^ f|M tiiMiaofllpqii «a« 




HiiJiiiiBiiiiiBii • iliiiifll 
t»WMitlftS4l(M (Sl»rlei4«i SlfiClf 8«i1i tM^^ mft )l»t99«^) 
tiMMMitlolM. Astlsii fflSloiVBd 1^ Zli«78 wM llwISIHfS in «Mi 
0^ IfMlfilflA* Sitall* of doM Mor^Aity ofaCooto M A obMO 
ia ttfU.0 imh 
MjfA in K^ eoBMOtrm^oB tiiomA Ht^m&t mmUSk%%y 
i99^) ttttir 144 tor of foodlag liiDiyt i t mm mHjf ^ hf 0*009(« 
IA9A Imtmf mm aorlAi l^ iMatmrnwA «11ti ooaoootrstioni of 
aien^lol i iwietloii i tibmim ^§ 4CV(» 49^t 49^f €Q&» W$ 
90^mAm (tatkik ia 0«eoi!&, 0«009^, O*0¥, 0*09(» 0»1!&» 0*SQ^ 9 
0*9^ M^ ¥ Slpol yo«9t«tiiNa|r« 
fbwriffiiAi ^ 0 larofofi offoott'fOt idlUng 9 0 of 
S f t t d U M iB 1^ of fldUi iiiMMitlol4^ fim Ifttidt&ty mo l i l ^ 
oaoii^ in OtQOUft ifaoiiag i ts offootitOBooo ^ proiiMiJV 4!l^ t 
49^9 49^t <0^t 69(t iOf^ t 80|i oai 9Q«i aartiail^ ia AiffOroat 
ooaooBtmtioffii raa^Uig f!ro« 0*OO¥*¥ roopootivily* 
In oaoi of i^^lt in ito !.«•«% oenooatstt^ mM Idiw 
Mr1»a.itf WW ooBMNtot ioMT hv^ i t iaoPowod to ^ ia t^ 
S«4t* Za "nrioiiB ^aooatratioBa (0*001^t 0*009^9 0*01^t O^Wt 
0*¥f 0«3^, Q*% «oa iy(} of ^^^ ^watooi tHo MTtaUty mm 
roi^oottir^ 1!»6, !!#• 99^, ^ t 49(i W t 79^ oaft 69^* 
168 
««rt fooaft Sm»« if2i«tM« mmm iAl t«et»A foiwl*ttmM «f 
E*JMUttlMillir ^^ ii*ar ilioMft W MIA W MnrtaaLtt^ ' in ¥ of 
gsiii of ^M obovo MiirtioiMA oliMd.oa^ »«9M^i«oljr* lo 0«001;( 
of X£MIB M A ft«t!aHB ItMr WHPtoU'^ «•• 19^ OBA ?q^  nMr900*<» 
*iSiinAiir« si^sixo €tf •Q0iHdU>iiif (Mm ICS?MMI IUB "tubio :^ OB& y i g * 4 l 
riwolilff l ¥ f 2C9^ f 20 f^ 29^1 40y^ i tCP^ t 1l»&f TUli li^ «io l^ tnMT 
iiMOOtloido Md Sd *^ 2q^ « Sa^ » 996« 40^* 4 0 t W MA 6(|& 17 
tho lAttor AosKOAtlOB of IM99MIS l8 I^Mlr ll«001#f 0 * 0 ^ t 
0*01^f 0«09t» 0»t(t 0»3(« 0*9i^  AM l!^  ooiMM»1arotioMi of I M I ^ 
fgnwaiotloao roofoottirolar* 
8ft1ffiW?fiMI jBTfiWirtili ^SmmM, 01100011111111.419 agiiaot 
lilo&oiiQdL InooolieiAoo in ^Sm foaooolas mmm t ^HVioUOf 
S««l9 myolf K*1S}*7S wiA XJSHfS* iStesdoiio otioooA l i i # 
of S^ groiMBriiHN Slwro ooo miLf 29^ •orlaaLi^ in d*00|^ of ^Ho 
f onRajfttlOD lihieli onlMortly ioorooooA to 79^ in O*01^* 31M 
porooiHosM of wat^aM,t$ mee% 20 f^ 4S(^ t W9 ao^t 89^t 90^t 99^ 
«QA 99^ in 0*00¥» 0»009^, 04)1^t 0«09"t 0*1^f 0*a^» 0«9C oaA 
1^ eoaoootimlAaiio of tim pfooosl fomBlot&oBMi foo^ootitt^ly* 
1^11 i too^ 99^ HxrlN^^ 1^ %*KMMiML «iiMA 09SAi«A 
la 1^ ooBOookro^ Uoii* Sbllo I t (^MOA 49^ OB& S0^ aertolity 
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tmw^Mim irttotdai 49l&» 99(» W , fiOH, aOV^ , 90^, 99^ MM 99^ 
in iMm Q^QQifw 0«009^ « OtO«i, 0»09^, 0#¥f <N2 t^ 0#9^ aM ¥ 
191^  nortidLi^ wm ntM»m ^ f MIOIIIS lOMd mtAm 
l.i^«aitii vttli O*O01!£ of m^tl to i'fffTfflfiffii^* t^kt aerli&ilgr 
inmmmA to 939^  irtwo oonaontrglieii mm imstmrntA to 1i&« 
HBTtiditir fegp inrtoiMi oofwontrotloiMi of s&foSl (O^OOfi, 0«mi^« 
0«0¥t OvOi^ f 0«¥f 0«#t 0*9^ OBi 191} «oo tK^t 29(» 9C|^ t 401^  
SOj^ i 9G|^ » 901^  oiia 99^ ifmme(%t'9€l7* 
f to tUMtetioiiaX SKOPHT^ of E«»1SIH^ ooA I l i < ^ ooo 
looB iQ ecaqprisloa to r««l of Ifeo liiol.ogi«dl laototioiiMi 
totf^ od 06 g*MUBHASi^ ^^r oauflod S% mA ^ Mr toUt j in 
tlwir 0«00t^ GORooBtrtttloB libilo i t incroawd to 99^ ^ kotli 
of the HologiOQl fro^oridioiiB tiftNii ooitooiilrsftioo « M toaroooei 
to 1#« UtaUo of wrtaaitar 9ott«ra tiovo bote ^ f w is f l#vo 
42f #KMtiig 9^  MsrtOUIgr sl.9l^ft aaiiiiot dlffarf«t oitt^fllra* 
tioi»« 9>^&X of aortoUV is 0ivoa in ^iil.o 8if itooAaii 
poroMBtagt of daoHi la narloiiB ooneoBtnitiinio of B-»li5«^ 
•aft XICH^ 
ZstivootloB tswitjiim l0ot oni liaoti8flo3i> prapKnUloB 
{9Kll»iMNi} lotd ^ ilwise ia tlio |ii of dlff«ni«t f i to l tioouM 
of Hie l»«t* Is I 'fl lft^^^ an^ Eod oboqio ia |B M O |vo#too« 
70 
f«0«9t2t 8*9*^*09 8«&m#8i i«9*4*t iOA S«IN€«9i 8*9«^0t9*9^6i 
8«lh9*1f dti«€*7t 9«(NI*8 is issPtpitt ttitexltor wMm^^ pidfn^ar 
mam Ctift^ i7)« 
fsSLm timm& fsSmo&m ia tli» IB M MMmemi^ pr l« «f 
ttSHBil* INiiiWiflWltl' &n(L MSSffl^il^Bm Zs Sx'fi'l ItlitllIXt iBB 
Ml e*7"6*8t 8*6«€«St 0*(^«0f 8«f>#»f# 0*i«€*8 tmA f * 0^* l 
iii«ritt» %;f I l i« 'P 10 8«S«<8*8f ®«7«0«7i 8«9«i«9f 8«8«9«tf 8«6«0*7# 
f«l«4*2 r M f o t ^ i r ^ t l^ii ia B*ffl«^ elnegii i» jfi «is«i 
e«8"e«6t ®«6«®«9f S«7«8*9t ®*9*<#«0f 8»(NN7f 9«IH9tO ia ^Mi 
r«a9«ili¥e porta {tt^^ Wlh ^^m vmmm alraa^ nA^ waft l ia 
di£r«r«ae« i» |B af lavaiaa iaa«Bla « i ^ a^ita foEraiilAMoa aa4 
i aMa^ Cdaalaeal.)* 
laaa tii^Llar 3?aa^ %i mm ^MMmft, ia f^ aai ^ 
SlavidLii aad m p ^ i^ oiiNNMl aarlKi iliaiip ia p 
ia ^la raaptatii^ p r ^ a£ ^ a aauui^ larar aaaiAf 
aa 8*7«9t0i S*7«€*9f 8*9^^f 0*Ml*2i 
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8«0«9«0f 8#9<^»2 liar ftairi«ld« mm S«7«€*8f 0*7«#*8t i#INe#9ff 
8«»««9f S<»8«6»9» 8«9«9*0 I17 m9«3L rM9i«%liViaLar* WiiU r«ift 
of iinnnilJilieai l«4tf tM^m m& fimiS!HI» MworAla^ idMWNI 
ftdloaliMr 9R vaaiiMi 8«7«€»8t 8*7««*7» 8*8«8*9t 8«7«8«9»8»8«8«8t 
8tf*«9«1 18 B«41 I 8»(MU9i 8»7«8«9t 8*7«ll*9t 8»7««^t 8*7«««9f 
8*9HI«9 in XBHIB Mii 8*7«#«8f 8*6««t8i 8«8^*8t 8«7"8»7f 




iHMflftt Is wteimm paart« of ^M VOIEIA liaa 9rovlA«a on aaa^ aUi 
flOQVi fCK* tttliiaiiioB of mimtfmfm«$mm liotli 09i*lollo ana 
td.ox'Qoneii^ oai for ou^ j^ v^oooloa of itit post ^toloo* CUs of 
flMMift ailtoa« iao&iaioo ii|«MHiUi@ 1 ^ aro3LatlQeflil9 IttMon tlw 
oaiHW DMnna offotft m tlit lioot lottltiig "lo i t s lte«i^ 
(Bruoo and isoni, 19451 KteOf t974f7f)» ilwaroaot ^M ollior 
toolB^ l^iit inv^iioo tlia latrosnotioB of wHoMmnMiia l> «^%tna 
Boiiior, 199l»19#i fii^lgri 19^ and Kmlgf 19g9o»li)* Boiii 
MtliQAo ovo KpOljr ofiMtiiMt oQopuraEliwljr latsvoooliro aad 
aloo t3M^ tmm e i ^ o«Kr iiAiii^ yQal ooBlVQaif ^im wo^^lmr ms^itio 
000 toxle ^ tht BSMnla aa ooU aa sflUwta* 
•jlllifrftrt# flflfUfllW waa fooBft hielil^ auaoaFtUila to 
Blpal.^  xmrloidat B«61, prednelBi 99^t 90|» asd 69^ wrtBU^ 
fvasaetiYoljr ts^ ^ Itel^r ipocliaai oonoeotnitiOQa CU^ )* ilitraas 
|Fa«^ aoa iwi$5«^ otvo loaot of faotiw srodooioii ooljr TOI^ f 
i»A SC^  aortaXI'^ of aOaXt liwaoto 1^ tte oaao oonoontratiooo 
('iflIkU 85« 7|£« 41)* ^^tmmm #^^oipl|ilm /f?aaoieli^ «a« aoat 
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mmm&^tWM ^ i?lnvi«iNt i«61 and Mml mmmwOml^ foiUwM 
iod Z^ MTi •Mil la 1^ mmmsttmtijm srodnotd 99(^ » fs^t 99^* 
W flOA 90!^  Bcrla^tgr mmsmHmlf (f«ibS« as* ?||^ 4S)« 
1tfflf%?Tltilitef ma f aims mommivA, ^f i^ M l^^ aliioB of tuo 
mmvfbUiX teetttiiSift** fdjrlwftroida fIVM (Ao wm) ana ft 
Hmliie (19B2)» But l*i|KlfiiiffiBill «<^ ^ao tMWI agalMit 
immitittim^ ia mmfP^Mmim ^mm iawsts (Boltlag ana ^wtast 
1982)* &M9f«r« ^«ll»r jm j l (19^) aMnartid l^aei 
I*.1[lMiiBff?^ ftMli BarliBir far* >>ir«taiEt »aa lAlbaX ta a i^ta 
<>^  i P ^ M t ^ J&EiAdBIP ^^^^•B ^^ *to iEX^ b iB anoTdai aalslioo* 
flay fiOao fooaa tliat IngQiatimi of apoMa of tliia hmoittseism 
sUmm «ra ai^^al^ of F^ttueiag a aattwO. zaapeaait aa^ liltpigli 
aortali^ la aiiliiooad liwo/lito fonmlatfao of tldyi teatavliai 
nAivti ox^atal^ ave praaaat* fl» laaatut iawatipifHMia eanflra 
^mrmttmm of PonnMr i^ sj^ vbiSm iSmm tm awBtrocy %o tliaat 
of Botting mA toa^aii (I9i^)« 
Mast laformtioii la gainaa ^ uaiag a w&da raogB of 
doeeat Orai^ is ;^ the a^rtsli^ a^iaat ilaat gi'van ae a«<awgaA 
oonptt i^ ii^ .a]^Eir(»iiaEi|t to a a l a ^ a t r a i ^ Itaa IQT eeiriertliig 
74 
doM into XQ8»« f lu Hat tlisl f i ts tte P9lii« %•«! U a tan 
of aewTtee ^ f»giilt»* I t oaa ^ irtpoNtcft m m ••tSanle of 
tti» tvQt pcrf araneev ^ « » ^oiiaatleB «f iftiii^ 1 ^ iB«»«%c 
Sttttioetfia «& SA maaaUjf IMNHS for MMgr porpiNMM flvmi^i 
oral xtK^ of inl^Mtloiif t ^ d«M loiiatoa 1^ ^ M I I laotot 
iosiMiio ea 'UtMi aaBMMit of I^ OQ6 iwrtaiH< SlliMfofoni« o 9KPta& of 
otMnm^oa tefflco foodli^ la SssportaBt in tiuui tmSmiKfm* 
flms otanpwilaB laovoaoni 8»oo»9tlfeUiiQr of g*^ftirliBg!i!ffl[li 
(Ai^ Cttet 199St BQgN f^ W 7 ) and OBoaraa tliat aU inoooti imH 
on tbt iafooto4 Alat tet iooa not lo^iot noria^Loo in ai^gtito 
ShB aaoMife of f ooA jE^ aa "vasriOBB f anotlatiflBa <tf 
II«^iififiiSiMUiia wiloQ \Bf ^M Inniitt la tla fom of asnrotala 
•mepQotd to oaiait oavij poanajriia of ^ IB tMieoaX 99gimi mA 0sl 
irtiioh praimi^ fterttear fotdlag* A g»o«raX «l i i^ ooioratioo 
oooom 1^ Qinoiidllaod inli^ ihollooa of ioaootM oi'tti lMolMePi>u 
^oan i^Ologloal v^rnsmn ooamotod oilti fQvnatiea of orjfataio ioaido 
lAm pootoriflr m$mfx^ one lygoriro|t>ioa OMOMB avt Hbe 
olwraoMOlioa of tlw il»o«i ^ool»fii4 pilSMgMioala* 
OiK«iat i» xiK dao to aotioa c^  iparlooo foanAlatioiio of 
doaootratod tl» i ^ pax^;rala oat ^ aotioo of tMo baoterim* 
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l«JiBCla8liaill 9>Mi tlterviiili iMiMMMit vmlksemm mA vts «itli 
IbmmaHyms^ wtmmim 1KI|$I 1^ A0d«fii« fteai fiaftiegt «Mm 
•trvt^ttmud ^ BaoBkrliteiaa (19^8) iftmi 1w a«MMitftttiA ttasl 
tbe ia«r«ai* in O8^OB« •«iio»ii«ratl«i U ^tw^muaStOM fw yam* 
^ I'iatfiBlUft Mdi J|«tfMiKlai '"'^ wmmi^mA is ttftd* (87fSB)« 
I t is aeswimt i^ NNi H M i i i a Usst tlnwni wr^e. x«HitrlEria« fUmotm 
la le «flitiitai Igr flHn^ifl«t tSmXt i^ t» iSiesttMi XPS-^ mA 
^mVSi^im warn 2 M » •^ftol i^^ Ttrnxm ^mm i lgni f l t i i t ibflO^M 
iUEi sB of AiffMEviit MTtv of '*IiiiiiTiit?ffy niiiiili limnnljuili odT 
I«iflBlalAi« I'iiit^Ma is «M«»tti of . j - l f f f j^f i tfiMii» fMaft ia 
fR wm laaat ^ MiAi focwOatlM* Obaagi «f ^gteat i««m« WM 
GftMMdPwA la Hfif^ iffti "irtMiitnc wnf tamw ipwriaiiiaB fiwt BOKIHX 
( t i i aa# )» 
^ •^ABaHiESai ^ ^ QlKUiiM la se dHK to aatlaa of 
diffoxvat f omrdAtloas of I'ltMrtHfrttlMlte <B^ WVO or Uaa 
otitflur to thooo of i'ffn^'^iffli' fh» j^l mm hU^iy offootoi IQT 
iri»rio&^ aad Hvl «rtil3y» x«ot of H M f oraalatioim ««ro loao 
i^ffootiiw* ^ootorifiS" alSiU^f ]biad#il and l^i«HilfHii^ iliooot 
voairkMa ciiaaaoo la | i ^ Botall of | i ! ^ o i^ i i la dlffovoat 
oreAoar of |',iBr*-TlirlHe ^ diflteptmt teotoHal foannlAtlOBSIioa 
1»o«ei glmo la ftMji to)* (^ oa^oo In iS is Ohavaotorlatio 
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^ Ik*JimXMlmKlM and tt« meiM^Am* n lirtapi $mm %tm 
aeMitgr «t tlis toCMit* f te ztt«ia'l« v«i«»aoi]r«eS Iwev aam la 
thu iamtm^ «f oaHoss •enototarstloii to M*MBS^iMitmAB 
mt M U H ^ f t ^MdAfc^l j m y g - ^ ^ ^ 
90«)«ifrtin^£oii9 dt S^JMelAiSblSili s^ ^^diic tree t^^gc d^ 
lni^ ff% 0^1? i t s pittiis|pi»loity e£ .f||B«ifft WrUfllilTiUfl' t ^ 
pQtooosr of tlio ioxntr taia $000 X»¥»/ig« on |Bi^ p^q|M% tmffi1lff^ \ir ' 
Bot£il>l(» sfttlw^aio «£fiD0lo iR»e it^ ^prwd a^lcr 24 lis? oC 
£)?tm to b3?oaii to blai^ ftm/ultlaiateX^ ditA ^ at9tiea»alft» 
BIgbMrt i»rta3J.% i¥^) wm i iotis^ in %)m «btevplUftri •xpoatd 
to ocHKKKifeTatloa of Sei^pi* tlia IB of taEi«aal9i9li» lattstliio 
i»d «i«p«tih ma tmaai to lmt« flM£t«A tonarie a3J»XlBl.1gr VIMPMHI 
tlaMt (xf til® iMWitli w l fflft|i|y|flfttfli! ^ iwltov fftiMi|.n murtmifigntft 
Slaoo—& iiiaeettf av» |(e»Mtit to vmsf »opt3.atiflgi» SQM tlatt 
tbssr ar@ a»iro l» otii«r eftsas - i% mwber of iMosts ImNnt 
iiij^ ooted nithout a^pTMt aortaailV* ^ otl]»]? ecuMii dlAMMHi 
oaiite ottt bzHt^ n ifittk mxy liq;«aplaiit mrtaaif^* fht diataata 
9ttrti^ 1?afla idth oK^ ter fiiaftora in l>&ologiaal »iaiaatifla itf 
ijsw&ota said are In p^iioliaa dmsalty ftt^aaaiit* f te Aanaitf 
ia taponaet in host to lioat ^emmAmism of patfaogona and aaor 
SAasr 1-^ te^ lane ^^oa^ the oiil«4Hraalc of aiaaaaa* flw infoatai 
77 
USmwimmkoA aKv9bel.«gS/pa ^•xvatliiM* Infifiiaii laoftllni 
in tin #ifct QdP^ M «ni«9 9omi^stUitimm and A«9l^«IScM oC tlw 
last •e^Motii of tte Iratfy* & ^l» @Bi t in infaa^iot of tostiM 
aa^ asm tte pid «AII. to tte limMiioo of iMMtwfla* Ohtnli^ 
intOKlMflioii or m&iim Imk ef ogqriMi eaaats dvantio eliaqiM 
Is %tm im^MitimX tUam • » ! %lie ^emmHm of tflKtA «ilb«l«i0M 
& ^rt«i ^ %tii lit#i tosEleil^ ^ fariooa iMMrttrlal 
IMffftWfflilil iflltfliTllfii •»& ||fcaalilla|| JBieiCliBit ^ t lpBttoO0Bili0 
of aloroibiai asmta la tliii mniX9mmK% is sood and M^iilMd 
eoior* t\m ooflt of a^^li^tiin of i^arablAl IssootlolAosIa 
BPdi(rait« boiag o^tUy gvooB i s Jllfi0 w ^ " B M 0OflU« Bo«oip«r, 
>^od 3»asia.tt «P6 ^tE4fi»fl Igr ttie miaroiiifftion «^ oiOy war f«» 
178 
il«iMi of $m»9^^ f i t pd^Mpiafti^ or i?eiaSi2« 
&£ is^mf^im m i t fitfiM fam» la Hw 
Id tli^ioviKliil^ «r 0mm^i»m& wWk 
f^ mmmttm U %tm wmmm ataiiNl i t is i0mmem€ l ^ t ^^ 
l?aiii^pii »ii^»«i ^r t i i# aottl^ almig witb ftoi* fteiNi afl«r 
ill® ifi wmm m3Mmi^im ef if^plAtii* otU^N Afl^ t^itgr tf tlMw 
irsiGoti ttnantt^^tioii of intoaliaal. timiiMi* maptam tM« 
iMF** ^^W 9m^0 W^BP fllwHMlk * I 7 Wip 4 H M ^ ^ ^ ^ ( ( ^ P p ^ W " ^p^wWI MI4MMMfr •WNWB^PiBF ^WP •JUMP ^^^^^^wf fl|P~»WW 
•iitffngiot to tlw i^wiieoa l^ Hir^ui^ tuiiii^ in gut* 
'^Mi^ p 3f tMa %pt is Pi^ l^ taKf fi@mi^  in tsiKNL uteil. 
tiiat I t M a iPtxf aetiYe JLiiit att^ as 
drioi»tSfi»a asm l3tt»^ b»iN doc^  
HessniMid as "fsttntiaaL ^aHi^ osdP* fluf IdOi tlit isstif^ 
179 
intvoAoMd Soto "Wm ^9i^ out t i r la 2J« tmtbmm tat elter witaiXm 
lyitroitaota in 2ai«i do«t« 0mm» «»& Bmm^f 1971)* 
ftm mmaam paarp^m warn to tmimrti^gm tte mttut aad 
anipei. of owotytsbixtir i< j U a w e t t inaniilwii '^ Hjaabita 
jffapaaMP .^^ BBiteal i^ TffflPts a^Oiist tbMM flt««»d grmlo ptfft 
alMoat i?«lar i^Kslnsitiiljr «ii tte ««• ef IlnliM^iMi anA 0lival0a3L 
lii«i«tio&tni «|^UJid •itanr M telts or as aiPaaw* Zdttlt }ia« 
^«ii i iot ii9«t«»tliittllsr to mmma ms^saaam'^ii&ai^ t falait ttiMM 
post** liaotiriAl foranOatioiK aym 9tr«etiii»9 awC«» mf^Wm 
2t O0D b9 oooolisMMl fsrai Iili9 jpv'niMt vtndlM latent ft 
TSOflOQiiilA itgPM 1^ ooetyoaL i^ 9*«ti (tf stwwA gy«liis.anA otl»r 
st<»roa proftiivts «oiiH be lAit^ ^Md la storobiaSl otntvcdL lutiitwwii 
1^ ntiUaliig )p«tftiogiiii« |»@otiMfSA« fte istft fiBiiMBp iaai»fiii« 
tlittt t i f f • m t o«MMmls4 f«v«X»tl0o» of S^JbBClBKliBl&i 
180 
«•« 
tioea ftmioun si9tiL -^61 imm n^9Hm 
0.009^ 









































OlMMnFatioiM ««v« «t«ntit fnjB 0 lv« to mt^ 24 ttr»* 
SOBbera of iMsA InsMT^ I0 am oC 100 «litoh vwPt 
p i l tn ttslt 
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AatlMr mtmUi^m his tmmomt ftitlQr te •aqrmw Ids 
te«rtf«Xt IndalitBtM ^ lhr« A^bMor If* KImi for mmmtrtim 
log i^rWIldl Hi* WBIMffPlft* 
flHudts iklm ^m to Be^ f• IteMdft B*Klmf CliaU«Mi« 
Iit9«ptwirt of Soologar tmSi Vmt* 8»il*iJj0iy ijlia IIMII Bead 
of tto iogMPfoiils «f 2oi4o«3rt All«Hrte MniUa 9AY«v«i1|ft 
iligBapl^ for fmrrifllas faolUtloo sad lioiailiqr WfeofltiMMi 
tlao to Hat* 
Attlbor fil«o ISmiftfiaijr ftipriol*^ tlw ooopemtloQ 
r»ado7»a bjr Or* ll»S»8* Gfaarlf ^texoaoiiUt s t Coami i^ oAllii 
XiMtltato of SBtoaolegyt XMndoiii Beof* R*B* Bv|oOf Boadf 
B*09iiolif SootloB BooAt BBtcmiiogr Altlmtt £«lmmliovl««« 0«8*A* 
for IdfDtlfariag "^ w opoeiaoiiiftoiidiiig Mt^ or^ dlol iiioootl«i4oo 
asA ooottniitlift fngftotiOM* 
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HaiWiff ^-B* 1939* itediaal aotcHKO^ ogsr 3ri* ai« flw iiiwMllIjaii 
Oa« Baw 7arkt 5C^ w 
193 
mM0i^ t* mm Wmmf Sul* 197©» Aa^taliwoMfll t mitt lavtlJi 
t» iq^tlitti« 4i«« ^ m tmtmt§ i0lU&f llfflliii 
«ai iuifsti $«A» lti|« fiw i^ta ^ i^tioi 
1^7* 4 )iriti«&i mp^m «f 
tar* 'mrllTlllHlil ^ ^ 
^^ ^^ i^^ '^ t iXS? lis.* B l^^  «R* <2i7"9aa 
%iprt A« 1f9$« t]^irtitiifflaa« mmewm^mmgm uNv i l t 
IMy ' Slid* 14* tai«^f« 
i0mmmim.mmmmmiii 1976* AiQ«lfi4 ««ii«i»iii^ In Ifli^fllflfili mh 
1 ^d RhsQ» k^n* aad a:aldl» B*A*s« 1976. Studits on the mitrlti»fi of ^'^^ 
89n« «i3^ eto!&ial mtcroorgaalsm asfioeieted with litfiectfi* 
I «ff«et of iKltaeoBey frustoie and pfliit« terbloJU 
, 1977* On %tm dcvolopitt^ nt of reslataose In Kl»i»gi»lla* 
sp« leotBted from tim mycetmmn ^ MWWfiPM fiftf»f»«>iif* 
to o«i*ta£{! antlbiotioa* £iift* Ptwly^^ .B|p^ » £; 3V36* 
..,,„.,.,,„,,.,.^ «(^ SIddiQuly J«Z. aiK! Hijraiit t , I960* Control of 
CaterptUlafm of Aaastotn »or& by BlaMKron and p-|p|Mtift 
.„.,„..„.„,^ ana Hlyan, M. 1982. PathcyE«rilc offMt o f »ggUiug 
t||uipf^engifl VAT* taraiplttf^ata OQ the catsfpiXl^irs 
KllgXer» I«J* aisci Aachaert H* 1931* Cyltiiration of riekattsidlilca 
ifi ?fetart^.V £^t 103*116, 
K e^liy A* 193&a« EicperiBaentaUti imterieyefiungeii en Qf^ raatit^ hiii^  
^,^,^,„„„„„„^ 1 ^ * Xntracf»llui&r symblssis la Itmecta* ^» i^ i^ y* 
«iCrleg, 4. 1965a. J hep die JA xLm titration (Bloasaay Hlotest 
Von Insaiiten patbogcfi spa zlaii voo ^aeiilaa HnjllUfftflf l^ 
1963^* Blaaasjf antS stand ardijsatisi! of ^aallltia 
ItotefiUffm preparatioaa apor© afidotsjdfta ctwi^lw 
^gfitaaoaha^ fQt 49w^. 
1P^5 
otimiar i|iMU»nf ill tiMMi«1»* IStt* iiX* J9l* 
iMiitop«ito«na ftlKHtmiaaiNi* |n |p m,* Ant* 
nmmm^ S»1994« On «» «iU«d[ 911*^^0 i^yitloMMy H^IMMKI 
Vt|Mif li* Mi nmiit UU» 198i« SliMK i€ iravImM gnitfv «a ^M 
j | * imiaa^ lift* jyi(it)i ssNii* 
196 
iirtaimiwr» 8* 1927* li tnimitm mm^immt •% Itmaalt* 9imm 1 
l l lnKf iMtf&il>Sii# ttdLftt HO Wh 
Sttfifi.* SilmAi* ii* 319-4* 
t 0* 1976* Stariity la taetaa iXkm$ %9mtAj^ Htfi^^H 
asaaad by Slaaa af a i^tiiiaata* £• SBMt|j» |^y»i^* 
iiii 299»304« 
*1978« AsewsNNlotia taataa Aiaat Qia^^wa IfilBllMtt 
wltli a?i*i9ata* i * 2MHSP SSBASAI> Sk^ 299*904* 
MKomaMMIMP 4900* Hlalaail^las af a^i^aota af tavMa fliaa hf 
halp af apteifla nstlliadiaa* mgafy^y^^^ f^fy 2*||f 
SESEtt&iUb 449^52* 
I a« aea i^its* rt* ^ 2 * iteKbar af ayiiiaBta and ita 
i*agii2.atiaa la taataa tMLwm %^ma^ tff* jg^ im^ 
^ iy0iy> 21* 349*294* 
Hatiaat 9*?« attS ilMt»at F»l>« 1 ^ * Api^aatiaa af fjijjfUi'fn 
i^ny|^^,py|l tbraagli aasrl^ r^ f&tat torifatiaa ajatam 
tor aoatral oi aomtli trtatara Siwapaaa Oara bar«r 
(:&af&4aFl«ra}« £• Igfittp lilMlt!* I&' 1C 9^*1073* 
luilif ll«0* iad Bpoaolialt ^* 1950* fliii fwmnm af ayiiliatla 
jraavt af t«a laaaat aftaiaat liilfliiQlli mnl i l fa i *>>4 
atitflfibii^ Hffllflfffia ^ Iffl^ i^ tffli j ^ i 49<^ '*900* 
197 
amtf il*o« «iMt Bwigff S» 1972* ftm iMt«t aa4 «lt« sotritliin 
Sl«i«t» L«IM 19^* l^tlMtis df i^oor^ift M i i %y ^^ Ht ttoraaX 
^f l i t •ynto&ostd* JmiKt iSL* 
i i i t t irf ii*y*t Hmmn^ U»S» tM iit«<iaf S*r* !982* I A H M S M 
^a^ta 1995* llE^9D0i«cf o"^ famtioa (^ iqritiiofit* ia 
4lOHt6» 
Haiaikrialimaai II* 197i* Swal^jMeal df a alar^feiial aaatval 
i^»0t» attsljwr 9Ql|l»(tr0als tinsa of fiyidaittaafi 
(MMMan««aMM«»*a*«NiiMiM»' 
-M 1918* OlMarfatloQ oa 1 ^ taa^lty af i M t l l H 
s^ Gdiaaiiart E» 19S6* Morilioloi^ laolia aad axf^riaaataaLla vatax^ 
mmlaaMm^ dU ladatinliiaaa tar kaara aa4 Balatolar 
1B8 
""•I""-"""" nil II. [.• |946« IiMtfft ittjar«lilo2«igr Ot tHl t t l l S t tH l l l * 
" ' "11 • t9$9« JMa^idff* of Umm% pi^M&our* H M 
%Wi mil l i t l iif * iKLliKli* 
> 
MSfi ^y *^» f^^ * l i t 10*»Wt 
93Mi&aie 9«l^«4vHMil« la a l i i ms%t»igUJltaf$ fiHlttl 
199 
t ^ iiit?98«n mtail»oU«a of ia»t«fa «|i^ ^o«tiBi fur %m 
£lllia2a> Mlm^ $SL* ^>99« 
• M 
-* 1959* I9;aiit MHOHI, ijpaiioiiio* Xa Bsfiilittaii ior 
f jIasMO ftt^rti^OiU" fol« JJL F9* tl9»6H 
tllQliMlto, l»*3* f924« StitAioa oa tUt «riarjf9foiigf «od 900>^»tAl 
dtvoXapMSt of tiM A^Hidi^^t tfltn opoolal r«f«roooo 
to tin hiot«7 of tlio '*«3piblotio or^ u^s" «• "aqr«tto«* 
ifollaf 3*I«| Arora« Btli*^ Olai@» f*B* a8«l t«iitelira« !>•?• 1980* 
iBQitotloQ of ox^tolra o^oUao Eo^otaaoo la 
i^ ilEglooiiortlif t*J« 1936* 39iibl«iUo b«ot«rl)t la a blooA 
Otiokiag XaoiOty Hhodaliif, tae^kkmam (Boaiftcroft 
S? 
""-"•" •""• • * 1953* siMs ariaoiiSMia of Zmoot Dijriiology 
CMe^ f^iQ ana 09«t X>OQf|oa)* 
* l^rlgloa2. mt oooa* 
